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Executive Summary

This Feasibility Study presents the remedial alternatives developed to address contamination on Air
Force Plant 4. Remedial alternatives were developed in response to contamination that exceeded risk
threshold values, as calculated by the baseline risk assessment (BRA). The BRA is presented in
Section 6.0 of the Remedial Investigation Report.

Areas of Contamination

Groundwater contamination exceeded risk threshold values in two areas - the Paluxy aquifer and the
East Parking Lot Plume in the Upper Zone aquifer. Soil/sediment contamination exceeded risk
threshold values at four areas - Landfill No. 4, Landfill No. 3, Meandering Road Creek (this includes
the inlet to Lake Worth), and Building 181. Landfill No. 4, Landfill No. 3, and Meandering Road
Creek were grouped together for development of remedial alternatives.

The results of the BRA did not indicate significant human health or ecological impacts posed by
contaminants in the surface water. The human health risks due to air contamination can not be
directly attributed to past Plant 4 practices. Therefore, remedial action alternatives were not
developed for air and surface water contamination.

Remedial Action Objectives

Remedial action objectives (RAOs) were developed for each area of contamination that exceeded risk
threshold values. The RAOs incorporate the contaminants of concern, a quantitative cleanup level,
and an exposure pathway. The primary contaminants of concern in the Paluxy aquifer are
trichloroethene (TCE) and dichloroethene (DCE). The RAO for the Paluxy aquifer is to prevent
human exposure from ingestion, inhalation during showering, and dermal exposure from showering to
TCE concentrations exceeding 3.0 micrograms per liter (ug/L) and to DCE concentrations exceeding
70 ug/L for cis-1,2-DCE and 100 ug/L for trans-1,2-DCE.

Aqueous phase TCE and TCE dense nonaqueous phase liquid (DNAPL) are the primary contaminants
of concern for the East Parking Lot Plume. The RAOs for the East Parking Lot Plume are to prevent
TCE concentrations in the Window Area of the East Parking Lot Plume from exceeding 250 ug/L, to
remove TCE DNAPL in the East Parking Lot Plume, and prevent groundwater with contamination
above maximum contaminant levels (MCLs) from migrating off Plant 4 or Carswell Air Force Base
(CAFB) boundaries. Removal of DNAPL will be demonstrated by dissolved TCE concentrations of
less than 10,000 ug/L.

RAOs were developed separately for the each of the four soil/sediment contamination area. The
contaminants of concern at Landfill No. 4 are benzo(a)pyrene (BAP), arsenic, cadmium, and copper.
The RAOs for Landfill No. 4 are to prevent ingestion of BAP contaminated soils with concentrations
exceeding the preliminary remediation goal (PRG) of 1.0 milligram per kilogram (mg/kg) and prevent
the exposure of mice to arsenic, cadmium, and copper at levels which exceed 29.1 mg/kg,

132 mg/kg, and 563 mg/kg, respectively.
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Copper, lead, and zinc are the contaminants of concern at Landfill No. 3. The RAO for Landfill
No. 3 is to prevent exposure of mice to copper, lead, and zinc at levels which exceed 563 mg/kg,
2,000 mg/kg, and 1,000 mg/kg, respectively. Silver is the contaminant of concern in the sediments
in Meandering Road Creek and Lake Worth. The RAO for Meandering Road Creek and Lake Worth
is to prevent exposure of aquatic organisms to concentrations of silver above 1.0 mg/kg in the
sediments. TCE in the vadose zone is the contaminant of concern at Building 181. The RAO for
Building 181 is to prevent TCE concentrations in the soil exceeding 11.5 mg/kg, the level which
could produce leachate above allowable levels in the Upper Zone groundwater.

Alternatives

Remedial action alternatives developed in a Feasibility Study are conceptual with respect to the level
of engineering detail. The goal is to present enough information to establish the overall approach to
select a preferred alternative for the Record of Decision. The details of the preferred alternative
presented in the Record of Decision are developed during the remedial design phase.

Three alternatives were developed for the contamination in the Paluxy aquifer - No Action,
Alternative 1; Alternate Water Supply, Alternative 2; and Pump and Treat with either Physical or
Chemical Treatment, Alternative 3. The physical treatment method considered air stripping and the
chemical treatment considered ultraviolet (UV) oxidation.

There were three alternatives developed for the East Parking Lot Plume - No Action, Alternative 1;
Source Removal, Alternative 2; and Enhanced Source Removal with Physical Treatment,

Alternative 3. Alternative 2 could use either physical or chemical treatment for the extracted
groundwater. Alternative 3 only considers physical treatment of the extracted groundwater because it
uses surfactants to enhance removal of DNAPL from the groundwater.

Landfill No. 4, Landfill No. 3, and Meandering Road Creek were grouped together for development
of remedial alternatives. Five alternatives were developed for soil/sediment remediation at Landfill
No. 4, Landfill No. 3, and Meandering Road Creek - No Action, Alternative 1; Capping that
considers human health risk only, Alternative 2a; Capping that considers all risk areas, Alternative
2b; Removal/Disposal that considers human health risk only, Alternative 3a; and Removal/Disposal
that considers all risk areas, Alternative 3b.

Two alternatives were developed for Building 181 - No Action, Alternative 1; and Soil Vapor
Extraction (SVE), Alternative 2. The SVE Alternative was the only treatment alternative developed
because SVE is considered a presumptive remedy by EPA that should be used whenever it is
applicable at a site. Pilot tests have shown that SVE is effective at removing TCE from the vadose
zone under Building 181.

The detailed analysis assessed each of the alternatives presented above against seven of the nine
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) evaluation
criteria. The two criteria that were not included in the assessment are State acceptance and
community acceptance. The assessment of these criteria will be included in the Record of Decision.
Tables 4-1, 4-2, 4-3, and 4-4 present a comparison of the detailed analysis for each alternative.

DOE/Grand Junction Projects Office Feasibility Study Report
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Cost is one of the seven criteria used in the detailed analysis of alternatives. The present worth costs
for an alternative are used to compare alternatives and are presented below. The reader will notice
that a cost is given for some no action alternatives. The no action alternative cannot include any

action to treat, contain, or stop exposure to contaminants but can include monitoring the

contamination. The costs associated with the no action alternatives are monitoring costs. More
detailed cost estimates for each alternative are presented in Section 4 with supporting information in

Appendix B.

Paluxy Aquifer
Alternative 1- No-Action
Alternative 2 - Alternative Water Supply
Alternative 3 - Pump and Treat w/ Physical Treatment
Alternative 3 - Pump and Treat w/ Chemical Treatment

East Parking Lot Plume
Alternative 1 - No Action
Alternative 2 - Source Removal w/ Physical Treatment
Alternative 2 - Source Removal w/ Chemical Treatment
Alternative 3 - Enhanced Source Removal w/ Physical Treatment

Soil at Landfill No. 4, Landfill No. 3, and Meandering Road Creek
Alternative 1 - No Action
Alternative 2a - Capping (human health risk only)
Alternative 2b - Capping (all risk areas)
Alternative 3a - Removal/Disposal (human health risk only)
Alternative 3b - Removal/Disposal (all risk areas)

Building 181
Alternative 1 - No Action
Alternative 2 - Soil Vapor Extraction

Air Force Plant 4 Sites

$274,000
$937,000
$2,541,000
$3,101,000

$822,000
$6,882,000
$7,334,000
$9,865,000

$73,000
$430,000
$472,000
$19,151,000
$19,244,000

$0
$612,000

The remedial investigation characterized the nature and extent of contamination at several sites or
areas with the potential to be affected by contamination from Air Force Plant 4. Most of the sites did
have contamination but at levels that did not pose an unacceptable risk to human health or the
environment, as determined by the BRA. No further response action will be done at these sites or
areas. Some sites had contamination that exceeded risk threshold values and the FS developed
remedial alternatives for these sites. Table ES-1 presents a summary of Air Force Plant 4 sites,
findings of the BRA, and whether remedial alternatives were developed for the site or no further

response action is planned.
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Table ES-1 Summary of Air Force Plant 4 Sites/Areas of Concern

Site” '

'Findiiigs

Voxh'mtary Actions/
Proposed Action

Media: Soil/Sediment

Landfill No. 1 BAP exceeded the human health risk Completed voluntary action to remove
(Site LFO1) threshold value. However, the BAP is contaminated soil. No further response
suspected to be from asphalt paving action planned.
fragments and not from past waste
disposal practices.
Landfill No. 2 Contaminants do not pose an No response action planned.
(Site LF02) unacceptable risk to human health or the
environment,.
Landfill No. 3 Copper, lead, and zinc exceed Remedial action alternatives developed
(Site LF03) ecological risk thresholds. in FS.
Contaminants do not pose an
unacceptable risk to human health or the
environment.
Landfill No. 4 BAP exceeds human health risk Remedial action alternatives developed
(Site LF04) threshold, and arsenic, cadmium, and in FS.

copper exceed ecological risk
thresholds.

Fire Department
Training Area (FDTA)
No. 2 (Site FT05)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.

FDTA-3 Contaminants do not pose an No response action planned.
(Site FT06) unacceptable risk to human health or the
environment.
FDTA-4 Contaminants do not pose an No response action planned.
(Site FTO7) unacceptable risk to human health or the
environment.
FDTA-S Contaminants do not pose an No response action planned.
(Site FTO8) unacceptable risk to human health or the
environment.
FDTA-6 Contaminants do not pose an Completed voluntary action to remove
(Site FT09) unacceptable risk to human health or the | contaminated soil. No further response

environment.

action planned.

Chrome Pit No. 1
(Site DP10)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.
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Table ES-1 (continued) Summary of Air Force Plant 4 Sites/Areas of Concern

Site

I

Fihdings

Voluntary Actions/
Proposed Action

Chrome Pit No. 2
(Site DP11)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.

Chrome Pit No. 3
(Site DP12)

Suspected TCE DNAPL area, although
contaminants do not pose an
unacceptable risk to human health or the
environment.

Completed voluntary action to remove
contaminated soil. No further response
action planned.

Die Yard Chemical
Pits (Site DP13)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

Completed voluntary action to remove
contaminated soil. No further response
action planned.

Fuel Saturation Area

Fuel contamination at site, although

Completed voluntary action to remove

(FSA) No. 1 contaminants do not pose an VOCs with soil vapor extraction. No
(Site SS14) unacceptable risk to human health or the | further response action planned.
environment.
FSA-2 Contaminants do not pose an No response action planned.
(Site SS15) unacceptable risk to human health or the
environment.
FSA-3 Fuel contamination at the site, although | Completed voluntary action to remove
(Site SS16) contaminants do not pose an VOCs with soil vapor extraction. No

unacceptable risk to human health or the
environment.

further response action planned.

Former Fuel Storage
Area (Site $S17)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.

Solvent Lines
(Site SS18)

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.

Nuclear Aerospace
Research Facility

Contaminants do not pose an
unacceptable risk to human health or the

No response action planned.

(Site OT19) environment.

Waste Water Contaminants do not pose an No response action planned.
Collection Basins unacceptable risk to human health or the

(Site WP20) environment.

West Compass Rose
(Site OT21)

Contaminants do not pose an

unacceptable risk to human health or the
environment.

No response action planned.
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Table ES-1 (continued) Summary of Air Force Plant 4 Sites/Areas of Concern

- Site

East Parking
Lot/Flight Line
(Site OT22)

Findings |

Soil is not considered part of this site,
only groundwater.

Voluntary Actions/
Proposed Action

Not applicable, soil not included as part
of this site.

French Drain
(Site OT23)

French Drain is part of LF No. 1.

French Drain is a voluntary action at
LF No. 1

Jet Engine Test Stand
(Site OT24)

Contaminants do not pose an
unacceptable risk to human health or the
environment. '

No response action planned.

Underground Storage
Tank (UST) No. 19

Contaminants do not pose an
unacceptable risk to human health or the

Completed voluntary action to remove
UST. No further response action

Building/Parts Plant
Perimeter
(Building 181)

unacceptable risk to human health or the
environment, although, TCE is in the
vadose zone which causes groundwater
contamination.

(Site ST25) environment. planned.

UST No. 20 Contaminants do not pose an Completed voluntary action to remove

(Site ST26) unacceptable risk to human health or the | UST. No further response action
environment. planned.

UST No. 24A Contaminants do not pose an Completed voluntary action to remove

(Site ST27) unacceptable risk to human health or the | UST. No further response action
environment. planned

UST No. 24B Contaminants do not pose an Completed voluntary action to remove

(Site ST28) unacceptable risk to human health or the | UST. No further response action
environment. planned

UST No. 25A Contaminants do not pose an Completed voluntary action to remove

(Site ST29) unacceptable risk to human health or the | UST. No further response action
environment. planned

UST No. 30 Contaminants do not pose an Completed voluntary action to remove

(Site ST30) unacceptable risk to human health or the | UST. No further response action
environment. planned

Assembly Contaminants do not pose an Ongoing voluntary action (soil vapor

extraction) to remove TCE in the
vadose zone. Remedial action
alternatives developed in FS.

Meandering Road
Creek (includes inlet
to Lake Worth)

Silver exceeds ecological risk
thresholds. Contaminants do not pose
an unacceptable risk to human health.

Remedial action alternatives developed
in the FS.

DOE/Grand Junction Projects Office

September 1995

Feasibility Study Report
Page ES-6




261023

Table ES-1 (continued) Summary of Air Force Plant 4 Sites/Areas of Concern

Media: Groundwater

Voluntary Actions/
Proposed Action

Paluxy aquifer

TCE and 1,2-DCE cause unacceptable
human health risk in two areas:

(1) East plume under the East Parking
Lot.

(2) West plume under LF No. 3

Remedial alternatives developed in FS.

Upper Zone flow
system - East Parking
Lot Plume

TCE and DCE contamination is the
source of contamination in the Paluxy
aquifer. Suspected DNAPL at the
Assembly Building and Window Area.
Targeted for potential remedial action
because of hydraulic connection to the
Paluxy aquifer.

Ongoing voluntary actions at the East
Parking Lot to extract and treat
contaminated groundwater in the
Window Area.

Remedial alternatives developed in FS.

Upper Zone flow
system - West Plume

Contaminants do not pose an
unacceptable risk to human health or the
environment.

Ongoing voluntary actions for
groundwater include:

1. LF No.1: French Drains No. 1 and
No. 2 to collect leachate. Leachate is
treated at FSA-1

2. FSA-1: LNAPL recovery and
groundwater extraction and treatment.
3. LF No. 3: Duel phase extraction to
pump contaminated groundwater and
extract VOCs from the vadose zone.

Upper Zone flow
system - North Plume

Contaminants do not pose an
unacceptable risk to human health or the
environment.

Ongoing voluntary action at FSA -3 to
remove LNAPL and extract and treat
groundwater.

Media: Surface Water

Meandering Road

Contaminants do not pose an

No response action planned.

Creek unacceptable risk to human health or the
environment.
Lake Worth Contaminants do not pose an

unacceptable risk to human health or the
environment.

No response action planned

Farmers Branch Creek

Contaminants do not pose an
unacceptable risk to human health or the
environment.

No response action planned.
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1.0 Introduction

1.1 Purpose and Organization of Report

This Feasibility Study is a portion of the Remedial Investigation/Feasibility Study (RI/FS) process for
the Air Force Plant No. 4 (Plant 4) located near Fort Worth, Texas. This document is intended to
serve as the mechanism for development, screening, and evaluation of detailed alternatives for
remedial action, whereas the greater RI/FS process is intended to gather sufficient information to
support an informed risk management decision.

Information presented in the RI is summarized in this document. Remedial action needs are
identified, based on the overall objective of protection of human health and the environment. Once
identified, technologies applicable to the types, volumes, and extent of wastes were screened for
appropriateness and combined into alternatives that will meet identified objectives. These alternatives
for remedial action were then analyzed in detail. This report is organized in general conformance
with the suggested FS outline published in the October 1988 Interim Final RI/FS Guidance
(Environmental Protection Agency [EPA], 1988a).

1.2 Site Description
1.2.1 Location

The Plant 4 facility is located in Tarrant County, Texas, seven miles northwest of the city of Fort
Worth (see Figure 1-1). Plant 4 is bounded on the north by Lake Worth, on the east by Carswell Air
Force Base (CAFB), on the west by the city of Fort Worth, and on the south and west by the city of
White Settlement.

1.2.2 Industrial Setting

Plant 4 occupies 602 acres and employs people in various positions pertaining to aircraft
manufacturing and associated processes. Naval Air Station Fort Worth, formerly known as Carswell
Air Force Base (CAFB) and hereafter referred to as CAFB in this report, lies directly adjacent to
Plant 4 on the east. CAFB occupies about 2,800 acres and is currently on the base realignment and
closure list. When the base was active it employed approximately 1,200 military personnel and

300 civilians.

1.2.3 Environmental Setting

Plant 4 and the surrounding areas to the south and east are highly urbanized and, consequently, do not
contain natural vegetation for wildlife. Approximately 70 percent of the Plant 4 surface area is
covered by buildings, concrete, or asphalt. The remaining 30 percent of the surface area is primarily
grass-covered soils located on the radar range, Landfills No. 3 and No. 4, along Meandering Road
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Creek, and along the shores of Lake Worth. The area to the west-northwest of Plant 4 contains
primarily residential lots with an abundance of natural vegetation. Lake Worth, located north of
Plant 4, provides recreational boating, fishing, and water skiing. The lake also provides municipal
water to the city of Fort Worth and is a recharge source to the underlying Paluxy Aquifer that
provides municipal water to the city of White Settlement.

1.3 Site History

Plant 4 became operational in 1942 when Consolidated Aircraft began manufacturing the B-24
bomber for national defense during World War II. In 1953, General Dynamics (GD) took over
operation of the manufacturing facility. Since 1953, Plant 4 has produced B-36, B-58, and F-111
aircraft, and currently produces F-16 aircraft. In addition to F-16 aircraft, Plant 4 produces spare
parts, radar units, and missile components. On March 1, 1993, Lockheed, Fort Worth Company,
took over operations of Plant 4 as a successor to GD.

Manufacturing operations at Plant 4 have resulted in the generation of various hazardous wastes that
include waste oils, fuels, spent solvents, paint residues, and spent process chemicals. Throughout
most of the plant’s history, waste oil, solvents, and fuels were disposed at on-site landfills or were
burned during fire training exercises. Chemical wastes were initially discharged to the sanitary sewer
system and treated by the city of Fort Worth’s treatment system. In the 1970s, chemical process
wastes were treated on site at a newly constructed chemical waste treatment system prior to being
discharged to the sanitary sewer system. Currently, waste oils and solvents are disposed by a
contractor, and burning of these wastes has been discontinued. Chemical wastes continue to be
treated on site. Plant 4 was placed on the National Priorities List (NPL) in August 1990.

1.4 Physical Characteristics of the Study Area
1.4.1 Physiography

Plant 4 is located within the Western Cross Timbers Section and the Grand Prairie Section of the
Central Lowlands Physiography Province. Most of Plant 4 is within the Grand Prairie Section, which
is typically a broad, gently sloping terrace of sedimentary rock mantled by a thin layer of light brown
to black loamy soil. The Grand Prairie Section is typically grass-covered with isolated stands of
upland timber.

The northwest corner of Plant 4 lies within the Western Cross Timbers Section, which is
characterized by rolling to hilly topography that is dissected into steep hills and deep ravines. The
Western Cross Timbers Section is typified by sandy soils supporting a heavy growth of post oak and
blackjack oak.

Topography at Plant 4 is generally flat except for areas adjacent to Meandering Road Creek and Lake
Worth. Elevations at the site range from 590 feet above mean sea level along the shore of Lake
Worth to approximately 670 feet above mean sea level at the southwest corner of the site.
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1.4.2 Cultural Geography
1.4.2.1 Land Use

Plant 4 is located in a highly urbanized area because of its close proximity to the city of Fort Worth
(see Figure 1-1). Plant 4 is directly bounded on the west by the city of Fort Worth and on the west
and south by the city of White Settlement. The portion of Fort Worth adjacent to Plant 4 contains
residential and commercial properties. The city of White Settlement includes residential, commercial,
and light industrial properties. The area is accessed by two major interstate highways, I-80 from the
north and south, and I-30 from the east and west. Plant 4 is accessed directly from I-30 by State
Highway 341.

1.4.2.2 Demography

The population of Tarrant County (Fort Worth metropolitan area) is approximately 1,170,000;
447,600 of which live in the city of Fort Worth. Numerous smaller communities (suburbs) make up
the balance of the population. The communities of White Settlement, Lake Worth Village, Westworth
Village, River Oaks, and Sansom Park Village lie within a three-mile radius of Plant 4 and have the
following populations based on a 1990 census: White Settlement—15,472; Lake Worth
Village—4,591; Westworth Village—2,350; River Oaks—6,580; and Sansom Park Village—3,928.

Residential housing is immediately adjacent to Plant 4 on the south and west sides. Six schools are
within a two-mile radius of Plant 4, the closest school is 0.5 mile south of the facility. Lockheed, the
operating contractor at Plant 4, is the largest employer in the Fort Worth metropolitan area with a
work force of 19,200 people, followed by Bell Helicopter (8,000), and the city of Fort Worth
(6,000).

1.43  Air Quality

Ambient air quality for Tarrant County and the Fort Worth metropolitan area is monitored routinely
at several locations by the Texas Air Control Board (TACB) and local agencies. The parameters
monitored include total particulates (PM10), carbon monoxide (CO), sulfur dioxide (SO,), ozone,
nitrogen dioxide (NO,), and lead. According to information received from the TACB (see

Table 1-1), the 1991 attainment status for Tarrant County was as follows. The status for PM10 was
"Unclassified" because not enough data had been collected for classification. The maximum levels
recorded for PM10 ranged from 53 to 101 micrograms per cubic meter (ug/m’) (Federal standard is
150 pg/m®), and the annual averages ranged from 20.1 to 25.1 ug/m® (Federal standard is 50 ug/m’).
The status for ozone was "Nonattainment," and the one-hour maximum levels ranged from 0.15 to
0.17 parts per million (ppm) (Federal standard is 0.12 ppm). The status for CO, SO,, and NO, was
"Attainment,” with levels recorded well below the Federal standards. The status for lead was "Not
Designated” because the data had not yet been evaluated. Quarterly averages for lead levels were
0.02 ug/m® (Federal standard is 1.5 ug/m®).

1.4.4 Meterology

Plant 4 is located at approximately 32 degrees north latitude and 97 degrees west longitude in north-
central Texas. The climate at the site is typified by hot summers and cool, dry winters.

DOE/Grand Junction Projects Office Feasibility Study Report
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Table 1-1. Air Quality of Fort Worth Area
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Area meteorological data were obtained from the meteorological station at CAFB. These data were used
to summarize historical data collected between 1942 and 1990 (see Table 1-2) and to assess recent data
collected hourly from April 1, 1991 through March 31, 1992 (see Figure 1-2 through Figure 1-4). Each
of these data sets is discussed separately below.

1.4.4.1 Summary of Historical Data

As shown in Table 1-2, the mean annual temperature in the vicinity of Plant 4 is 66 degrees Fahrenheit
(°F). Mean monthly temperatures range from 45°F in January to 86°F in July. Extreme low and high
temperatures have been reported at 0 and 110°F, respectively. Typically, the cooler months include
December through February when average daily maximum temperatures range from 55 to 60°F and
average daily minimum temperatures range from 35 to 39°F. The warmer months include June through
August when average daily maximum temperatures range from 94 to 96°F, and average minimum
temperatures range from 72 to 76°F.

Mean annual precipitation is 31.6 inches, with some precipitation occurring every month. Average
monthly precipitation amounts are highest from April through May, ranging from 3.8 to 4.4 inches, and
from September through October, ranging from 3.2 to 3.6 inches. Average monthly precipitation amounts
are lowest from November through February, ranging from 1.7 to 1.8 inches, and during August when the
monthly average is 1.9 inches. Thunderstorms may be expected every month; however, thunderstorms
occur most frequently during spring and summer.

Precipitation typically consists of a mixture of rain and snow during the late fall and winter months.
Snowfall amounts are generally greatest in January and February, when average snowfalls of 1 inch may
be expected. Although average snowfall amounts are typically low, snowfall amounts of up to 12 inches
in 1 month have been recorded.

During most of the year the predominant wind direction is from the south. During the winter months
(i.e., December through February) the predominant wind direction is from the north. Constant winds with
an average speed of 7 knots are typical year round.

The average cloud cover in the area is 50 percent. Average relative humidity values range from
57 percent in July and August to 70 percent in May. Average relative humidity is 63 percent.

1.4.4.2 Recent Data

Figure 1-2 presents the temperature variations from April 1, 1991 to March 31, 1992. The highest
maximum temperatures were reported in July and August, with maximum values ranging from about 90 to
100°F. The lowest minimum temperatures occurred between November and March, with minimum values
ranging from about 25 to 45°F. The lowest temperature reported during the period was approxnmately
I5°F in early February.

The magnitude of daily temperature fluctuations was generally lowest from late May to late September.
During this period, maximum and minimum daily temperatures were relatively constant and the average
magnitude of fluctuations between extremes was about 20°F. The magnitude of maximum and minimum
temperature values, as well as fluctuations between extremes, were much more variable during the rest of
the year. The greatest daily fluctuations between extremes were reported in November, when fluctuations
of up to 60°F were observed.

DOE/Grand Junction Projects Office Feasibility Study Report
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Table 1-2. Summary of Meteorological Data Collected from 1942 to 1990
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Figure 1-3 shows the precipitation amounts reported from April 1, 1991 to March 31, 1992. As
shown, some precipitation was reported each month. Storm events producing the greatest amounts of
precipitation occurred in August (approximately 3.5 inches), November (approximately 4.5 inches),
and December (approximately 3.5 inches). Except for these extremes, precipitation amounts
generally ranged from less than 0.5 inch to about 1.5 inches. Storm events that produced measurable
amounts of precipitation were reported most frequently during April, May, September, and
December. The driest months during the period included July, October, and February.

Figure 1-4 shows the barometric pressure measurements reported from April 1, 1991 to

March 31, 1992. Barometric pressures ranged from a low of about 28.80 inches of mercury in late
April to a high of about 30.05 inches in November. Barometric pressures remained relatively
constant during the summer months, ranging from 29.10 to 29.50 inches. Barometric pressures were
most variable during the winter months, ranging from lows of 28.95 inches to highs of up to

30.05 inches.

1.4.5 Ecology

Because of the urban environment surrounding Plant 4, there are few natural terrestrial and aquatic
communities in the area. However, Lake Worth with several small inlets along its boundary and
Meandering Road Creek do support a limited complex of terrestrial and aquatic communities. The
terrestrial community generally occupies a narrow strip of upland between the Plant 4 facilities and
the creek and the lake; the aquatic communities include those of the creek, the inlets, and the lake
(IT Corp. 1992).

The terrestrial ecosystem is characterized by upland sites where vegetation is dominated by native and
introduced grasses (e.g., Andropogon, Digitaria, and Cynodon), and occasional oaks (Quercus spp.).
Mice, gophers, squirrels, rabbits, granivorous and insectivorous birds, lizards, snakes, skunks, and
higher predators such as hawks, owls, and foxes are expected to inhabit this community. Actual
sightings in this community included foxes, rats, squirrels, and fire ants.

A well-developed, wooded riparian corridor approximately 50 to 100 feet wide occurs at the interface
of the terrestrial community and the aquatic community of Meandering Road Creek. Here, oaks
(Quercus spp.), hackberries (Celtis spp.), Osage-orange (Maclura pomifera), and wild roses (Rosa
spp.) dominate the vegetative growth. Wildlife expected in the riparian community are amphibians,
arboreal mammals, insectivorous birds, and animals that forage or prey near water, such as skunks,
raccoons, and snakes. Actual wildlife sightings included gulls, ducks, cranes, passerine birds, snakes,
turtles, and insects. Raccoon tracks were also observed in this area. The riparian community
diminishes as the creek approaches Lake Worth; along the outer reaches of the creek’s inlet and along
the lake itself, there is an almost direct interface between the upland and lake communities, as the
shoreline drops steeply into the water. Cattails, rushes, and other forms of wetland vegetation are
absent from the lake shore.

Meandering Road Creek is an ephemeral stream fed mainly by stormwater runoff with some baseflow
contributed by ground-water discharge (seeps) along the east side of the draw. High rainfall events
periodically scour the streambed and help control the development of the aquatic community. Living
components of the stream community include fish, macroinvertebrates, zooplankton, algae, and
microbes. No submergent or emergent macrophytes were detected in the stream at the time of field
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sampling. The presence of small fish in pools indicated an active trophic system that is probably
based both on detrital decay from the riparian and upland systems and on algal productivity.

The Meandering Road Creek inlet provides an interface between the stream and lake systems; four
smaller inlets provide more direct interfaces between the terrestrial and lake systems. On occasion,
inlet water quality may be significantly affected by direct contributions from adjacent terrestrial
systems (and by flow from the creek, in the case of the Meandering Road Creek inlet), but in terms
of community structure, the inlets are expected to be similar to Lake Worth. Biota of the inlet
community include fish, turtles, macroinvertebrates, zooplankton, macrophytes, algae, and microbes.

Constructed in the early 1900s, Lake Worth is a steep-sided, relatively shallow (less than 30 feet
deep) reservoir on the West Fork of the Trinity River. It is used for recreation and fishing, and as a
domestic water supply. All trophic levels are expected in the aquatic food web of the lake, including
predatory vertebrates (fish, turtles), macroinvertebrates, zooplankton, macrophytes, algae, and
microbes. The transition between the inlet and lake systems is not well defined, and the extent of
mixing has not been studied. However, it is expected that lake currents and mixing rates result in a
gradient of ecological conditions from the main body of Lake Worth to the upper reaches of the inlets
(IT Corp. 1992).

1.4.6 Surface Water Hydrology

The primary surface waters in the vicinity of Plant 4 include Lake Worth, Meandering Road Creek,
and Farmers Branch and West Fork of the Trinity River (see Plate 2). Lake Worth extends along the
northern boundary of the site. Meandering Road Creek borders the western site boundary and flows
north to Lake Worth. Farmers Branch flows eastward near the southern boundary of the site and
discharges into the West Fork of the Trinity River. The West Fork of the Trinity River flows
southeastward from the Lake Worth dam and spillway. Each of the primary surface water features is
described in further detail in the following sections.

1.4.6.1 Lake Worth

The Lake Worth reservoir was constructed in 1914 by the city of Fort Worth as a municipal water
supply (U.S. Geological Survey [USGS] 1989). The reservoir was created by damming the West
Fork of the Trinity River northeast of Plant 4. In addition to municipal water supply, the reservoir is
also used for irrigation and recreation.

The reservoir was constructed with a dam elevation of 606.3 feet above mean sea level. According to
Tarrant County Water Control and Improvement District Number One daily gauge records, the dam
spillway was originally constructed at an elevation of 594.3 feet above mean sea level; however, the
elevation of the dam spillway was modified and lowered to 594 feet above mean sea level in 1980.

At full capacity, the reservoir averages six feet in depth, with a maximum depth of 28 feet, and
covers approximately 3,560 acres with 37,066 acre-feet of storage. The spillway has a maximum
discharge capacity of 55,000 cubic feet per second. The drainage area associated with Lake Worth
covers approximately 2,064 square miles (USGS 1989).

Historically, silt accumulation was recognized as a problem in Lake Worth. The silting problem was
significantly reduced in 1934 following completion of two upstream reservoirs: Bridgeport and Eagle
Mountain. Because the reservoir was never dredged, large silt accumulations may exist. Through
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adsorption, these accumulations would significantly impact the fate of chemical constituents present in
the lake.

The Tarrant County Water Control and Improvement District Number One maintains reservoir
records that include information on precipitation, stage heights, diversion quantities, and flood
gauging from 1920 to the present. Review of records from water years 1940 to 1991 indicate that
releases over the spillway may occur at any time of the year. During the 1940s, the reservoir had a
constant net release; from approximately 1948 to present, the average annual stage height has
typically been below the spillway. Estimated average annual storage values for the period ranged
from 23,746 acre-feet in 1956 to 38,664 acre-feet in 1942.

1.4.6.2 Meandering Road Creek

Meandering Road Creek borders Plant 4 to the west and flows north to Lake Worth. Meandering
Road Creek is an intermittent stream receiving the majority of its flow from surface water runoff
discharged into the creek via storm drains and culverts. Several seeps were identified along the east
bank of the creek during field reconnaissance. The presence of these seeps indicates that Meandering
Road Creek also receives some baseflow from ground water.

1.4.6.3 Farmers Branch

Farmers Branch originates in White Settlement and flows south of Plant 4 in an easterly direction to
the West Fork of the Trinity River. Like Meandering Road Creek, Farmers Branch is an intermittent
stream that receives most of its flow from surface water runoff discharged into the creek via storm
drains and culverts. Comparison of water-table elevations in the vicinity of Farmers Branch with a
topographic profile of the stream indicates that Farmers Branch may receive some recharge from
ground water.

1.4.6.4 West Fork of the Trinity River

Near Plant 4, the West Fork of the Trinity River flows in a southeasterly direction from the Lake
Worth dam and spillway. Flow in the West Fork of the Trinity River is largely controlled by releases
from Lake Worth. However, some flow is attributed to surface water runoff that reaches the stream
via tributaries. Water table elevations near the stream (see Figure I1I-26 of the RI) suggest that the
West Fork of the Trinity River may receive recharge from the upper-zone ground-water system.

1.4.6.5 Evaluation of Flood Potential

In 1982, the Federal Emergency Management Agency (FEMA) requested a flood insurance study to
investigate the existence and severity of flood hazards in the unincorporated areas of Tarrant County,
including the area in the vicinity of Lake Worth. This study physically delineated theoretical flood
events, such as the 100- and 500-year flood. Results of the study estimated that stage heights for the
100-year flood will be 599.9 feet and approximately 602.7 feet for the 500-year flood (FEMA 1987).
These values equate to stage heights over the spillway of 5.9 feet and 8.7 feet, respectively.
According to reservoir records obtained from the Tarrant County Water Control and Improvement
District Number One, the historical stage height nearest to the projected events was 4.17 feet over the
spillway, recorded on May 25, 1957.
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Delineations of the projected extent of the 100- and 500-year flood plains in the vicinity of Plant 4
are shown in Figure II-11 of the RI. These delineations are consistent with the estimated Lake Worth
stage heights presented in the 1987 FEMA study. Areas where the extent of the 100~ and S00-year
flood events closely correspond are designated as the combined 100- and 500-year flood event in
Figure II-11 of the RI. As shown, neither the 100~ nor 500-year flood event will directly impact
Plant 4. Therefore, flooding is not considered a likely mechanism for transport of chemicals from the
site. In addition, protection against flooding may not be a design consideration during implementation
of any future on-site remedial actions.

Meandering Road Creek, located west of the Plant 4 boundary, is impacted by the 100-year flood.
One-hundred-year flood waters are estimated to extend approximately 900 feet upstream from the
mouth of Meandering Road Creek. Therefore, any chemicals present in sediment and surface soil
within this area could potentially be transported to the Lake Worth system through submersion and
erosion. Any future remedial actions within the projected extent of the 100-year flood event will
require design consideration for protection against flooding.

The remaining primary surface waters in the area, Farmers Branch and the West Fork of the Trinity
River, are both impacted by the projected extent of the 100- and 500-year flood events. Both the
100- and 500-year flood events are estimated to extend approximately 1,600 feet upstream from the
mouth of Farmers Branch. The extent of flooding along the West Fork of the Trinity River would be
most pronounced in the area immediately below the Lake Worth dam. Any chemicals present in
sediment and surface soil within the projected extent of flooding along these surface waters could
potentially be transported downstream along the West Fork of the Trinity River.

1.4.7 Geology
1.4.7.1 Regional Geologic and Structural Setting

The bedrock geology of west-central Tarrant County is characterized by sedimentary rocks of the
Early Cretaceous period underlain by undifferentiated rocks of the Paleozoic era. Unconsolidated thin
alluvial deposits of the Quaternary period cover bedrock in and near major stream and river valleys.

The sedimentary rocks in the site area were deposited in a stable structural setting on the Texas
craton. Figure 1-5 shows the structural features and their proximity to the site in Tarrant County.
Those features include the Mexia-Talco fault system about 80 miles to the east, the front of the
Ouachita overthrust about 30 miles to the east, and the south end of the axis of the Fort Worth basin,
located directly under the site, in which sediments accumulated during most of the Paleozoic era.

In the latter part of the Paleozoic era, during the Permian period, the site area was uplifted and the
extensive erosion that occurred through the Jurassic period produced a flat surface upon which early
Cretaceous period marine sediments (Comanchean Series) were deposited along an oscillating
shoreline. The marine sediments are preserved as a southeast-thickening wedge of rocks extending
from the site area into the East Texas basin (see Figure 1-5). From the Late Cretaceous period
through the Tertiary period, the sea withdrew toward the gulf, and, except for minor periods of
subsidence, the land surface was eroded and modified by streams. During the Quaternary period, the
streams deposited alluvial sediments. The older sediments are represented by terrace deposits above
the alluvial-filled valleys of present streams.
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Table 1-3 lists the regional stratigraphic units of interest in the vicinity of Plant 4. These units are
described in the following section in descending order, from youngest to oldest.

Table 1-3. Stratigraphic Units of Interest in the Vicinity of Plant 4

Era System Series Group Stratigraphic Units

Fill Material
Cenozoic Quaternary Holocene Alluvium

Pleistocene Fluvial Terrace Deposits

Tertiary

Gulf

Washita Duck Creek Limestone

Cretaceous Kiamichi Formation
Mesozoic

Comanche Fredericksburg | Goodland Limestone
Walnut Formation

Trinity Paluxy Formation
Glen Rose Formation
Twin Mountains Formation

Paleozoic Paleozoic Rocks
Undifferentiated

Unconsolidated alluvial sediments and fill material overlie Cretaceous period rocks and consist of
Holocene epoch fill material and flood plain deposits and Pleistocene epoch terrace deposits. The fill
material on and adjacent to the Plant 4 site was emplaced since the 1940s and consists of general
refuse and construction debris (i.e., lumber, asphalt, metal, concrete, glass, and plastic) mixed with
gravel, sand, silt, and clay. The flood plain deposits consist of alluvium (i.e., gravel, sand, silt, silty
clay, and organic material) that fill present stream and river valleys. The Pleistocene epoch terrace
deposits occur above the present stream valleys and consist of gravel, sand, and silt that represent
older flood plain deposits.

Lower Cretaceous period rocks consist of the Washita, Fredericksburg, and Trinity Groups (see
Table 1-3) all of which dip gently toward the east-southeast at approximately 0.4 degrees or 37 feet
per mile (Leggat 1957). Rocks of the Washita Group occur south and east of Plant 4; the two
lowermost formations in the group, Duck Creek Limestone and Kiamichi Formation, form the hilltops
and hillsides, respectively, about 1 mile east and south of the plant. The Duck Creek Limestone
consists of gray, aphanitic, fossiliferous limestone that is 30 to 100 feet thick (McGowen and
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others 1988). The slope-forming Kiamichi Formation is from 20- to 50-feet thick and consists o
alternating brown clay and gray, aphanitic, fossiliferous limestone beds (McGowen and others 1988).

Rocks of the Fredericksburg Group, which consist of Goodland Limestone and the conformably
underlying Walnut Formation, crop out in Plant 4 or underlie most of the site. The Goodland
Limestone forms low, rounded hills and buttes, and upland surfaces capped by terrace material and is
usually well-exposed on steep, west-facing escarpments. The Goodland Limestone comprises white,
chalky, fossiliferous, thinly to massively bedded, resistant limestone, and gray to yellow-brown silty
marl. The formation is extensively jointed and ranges from 0 to 130 feet thick in Tarrant County
(Leggat 1957). West of the Plant 4 area, the Walnut Formation forms resistant ridges of indurated
fossiliferous limestone and shell coquinite. Included in the formation, which is an average of 30 feet
thick, are interbedded brown sandy clay, thinly bedded fossiliferous clay, fissile shale, and iron-
stained earthy limestone (Leggat 1957).

Rocks of the Trinity Group, which consist of the Paluxy, Glen Rose, and Twin Mountains
Formations, crop out west of Plant 4 and underlie the site. The Paluxy Formation, disconformably
separated from the overlying Walnut Formation, forms the bed of Lake Worth and consists of
sandstone and siltstone interbedded with sandy to silty, calcareous, waxy clay and shale (Nordstrom
1982). The sandstone, composed of fine- to coarse-grained white quartz, is well-sorted, poorly
consolidated, and cross-bedded. Iron and pyrite nodules occur in the sandstone, and lignite is locally
present. The thickness of the Paluxy Formation in Tarrant County ranges from 140 to 190 feet
(Leggat 1957). Conformably underlying the Paluxy Formation is the Glen Rose Formation that
consists of sandstone, clay, sandy clay, limestone, and anhydrite. In the Lake Worth area, the Glen
Rose Formation is approximately 250 feet thick. The Twin Mountains Formation (formerly the
Travis Peak Formation) is overlain conformably by the Glen Rose Formation. The Twin Mountains
Formation grades upward from a basal conglomerate of chert and quartz to a fine- to coarse-grained
sandstone interbedded with shale and clay (Leggat 1957). The thickness of the Twin Mountains
Formation is approximately 250 feet below Lake Worth with increasing thickness to the east.

Undifferentiated Paleozoic-era rocks are overlain unconformably by the Twin Mountains Formation.
The Paleozoic-era rocks are 6,000 to 7,000 feet thick and consist of well-indurated shales, sandstones,
and limestones.

1.4.7.2 Site Geology

Figure 1-6 shows the surface geology of an approximate 16-square-mile area that surrounds and
includes the Plant 4 site. The geologic map presented in the figure is part of the larger geologic map
of central Tarrant County, published at 1:24,000 scale on an aerial photograph base map by the Fort
Worth Geological Society (Rogers and others 1972). Several spot field checks were performed to
verify the accuracy of the mapped geologic contacts. Minor modifications were made to the existing
map to add a thin strip of Paluxy Formation outcrop along the shore of Lake Worth northwest of
Plant 4 and a narrow band of Paluxy Formation outcrop along Meandering Road Creek just south of
Lake Worth.

Geologic units that are of concern at the site were penetrated by monitoring wells and soil borings;
these units include, in descending order, fill material, alluvium, terrace deposits, Goodland
Limestone, Walnut Formation, and Paluxy Formation. The following sections describe the physical
characteristics and thickness of each of these units around the site.
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Fill Material, Alluvium, and Terrace Deposits 261042

Quaternary period alluvium that occurs downstream from the Lake Worth dam in the present flood
plain of the West Fork of the Trinity River, east of Plant 4 and CAFB, is mainly of the Holocene or
Recent epoch (see Figure 1-6). Older alluvial deposits and the terrace deposits of mainly the
Pleistocene epoch cover most of the nearly flat surface that tilts gently to the east. Plant 4 and CAFB
occupy most of this flat surface, which continues eastward to the flood plain of the West Fork of the
Trinity River and includes part of Westworth Village.

Fill material is included in the area mapped as terrace deposits in both Plant 4 and CAFB. The fill
occurs in abandoned landfills, waste pits, excavated areas, and where the land surface was graded or
altered for construction of buildings, parking lots, and other paved areas such as runways (Hargis +
Associates 1989b). The fill material generally comprises unconsolidated mixtures of clay, silt, sand,
and gravel but may also contain general refuse, chemical sludge, and construction debris (i.e.,
lumber, asphalt, metal, concrete, glass, and plastic). Fill material is particularly common along the
west side of Plant 4 in Landfill Nos. 1 through 4 where the fill may be up to 20 feet thick. In these
landfills, fill material replaced terrace deposits that were removed or fill was dumped on the slope at
the edge of the terrace. In some places, fill material extends down to bedrock.

The unconsolidated terrace alluvial material is poorly to moderately sorted and is composed of
heterogeneous interbedded clay, silt, sand, and gravel. Individual beds are not laterally continuous.
Most of the clastic material (which ranges up to cobble size) in these sediments consists of limestone
and fossil shell fragments; sand grains composed of quartz are a minor constituent.

Terrace deposits and/or fill material are present over most of the area of Plant 4 and CAFB. Fill and
terrace material are not present along some of the west edge of Plant 4 where the Walnut Formation
crops out and in parts of the south end of Plant 4 where the Goodland Limestone crops out (see
Figure 1-6). The thickness of the terrace/fill varies considerably around Plant 4. The thickest
accumulations are up to about 50 feet in the area of the Radar Range and up to nearly 60 feet in the
east part of the East Parking Lot. These thickness variations indicate the presence of valleys and hills
on the bedrock surface. The valleys have been eroded mainly into the Goodland Limestone and the
Walnut Formation.

The general configuration of the bedrock surface upon which the terrace alluvial material was
deposited may be inferred from the computer-contoured map that shows the elevation of the top of
competent bedrock (see Figure 1-7), which corresponds to the base of the upper zone. The thickness
of weathered bedrock above the competent bedrock ranges from zero to as much as 10 feet.

Figure 1-7 shows the positions of three troughs or channels where the thickest accumulations of
terrace material are located. The first channel is located beneath the southern end of the Assembly
Building and extends to the northeast, beneath the East Parking Lot, and then southeast beneath the
flightline (Runway No. 130 North). In the vicinity of the flightline area, the channel apparently splits
with the main link extending to the southeast. A cross section presented in the Interim Remedial
Investigation Report (Hargis + Associates 1989a) and the cross sections in Figures II-1, II-2, and
II-8 of the RI show that this channel cut down nearly through the entire thickness of the Walnut
Formation. The second channel extends north from the Former Fuel Saturation Area (FFSA) to
Landfill No. 2. These two troughs are likely the expression of meander bends that mark the former
position of the West Fork of the Trinity River. A third trough is subtle and extends east and
southeast from FDTA-2 toward the Assembly Building/Parts Plant.
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Coarse sand and gravel deposits occur immediately above bedrock in several areas on Plant 4 and
CAFB. The greatest thickness of these coarse deposits is in the troughs where the gravels were
deposited as channel lag on the scoured bedrock surface. The trough near the FFSA contains basal
sand and gravel at least 20 feet thick. Basal sand and gravel in the trough in the East Parking Lot
area reaches a thickness of at least 15 feet (Hargis + Associates 1989a). Basal sand and gravel in the
southeastward extension of this trough under the runways at CAFB range up to at least 35 feet thick.
Sand and gravel greater than 20 feet thick at CAFB occurs in an 800-foot-wide area that trends
eastward approximately in line with White Settlement Road. These deposits probably coincide with
the location of a former channel of what is now Farmers Branch Creek (Radian Corporation 1990).

Goodland Limestone

Rocks of the lower Cretaceous period Goodland Limestone (the upper member of the Fredericksburg
Group) crop out in only a few small areas in the south and southwest parts of Plant 4 and CAFB (see
Figure 1-6). The Goodland Limestone is present in the subsurface at Plant 4 and CAFB, except
where erosion has removed it in the northwest part of Plant 4, the north part of CAFB, and in deeply
eroded meander bends cut by former courses of the West Fork of the Trinity River beneath both
Plant 4 and CAFB.

The top of the formation is highly weathered in places because it was exposed for a long period prior
to deposition of overlying Quaternary period alluvial deposits. The thickness of the formation on the
site is variable, depending on the amount of erosion that has occurred. The thickest Goodland
Limestone encountered in the site area (just west of Plant 4 at well EPA-4) is 47 feet. For wells
within Plant 4, the maximum thickness of Goodland is 20 to 25 feet, as shown in cross sections in the
Interim Remedial Investigation Report (Hargis + Associates 1989a).

The Goodland Limestone consists of chalky white, fossiliferous, dense, thinly to massively bedded
limestone interbedded with gray to yellow-brown stiff clay and marl. The formation forms prominent
white escarpments along streams, an example of which is the outcrop near well EPA-4 on the steep
slope just east of Meandering Road Creek. Extensive jointing is exposed in this outcrop; however,
core samples from the Goodland Limestone indicate that joints are rare in unweathered limestone. No
subsurface faults are known to occur in the Goodland Limestone in the vicinity of Plant 4

(Hargis + Associates 1989b).

Walnut Formation

The Lower Cretaceous period Walnut Formation (the lower member of the Fredericksburg Group)
underlies most of Plant 4 and CAFB. The formation crops out in the low cliffs along the Lake Worth
shore north and northwest of Plant 4 and along Meandering Road Creek west of Plant 4 (see

Figure 1-6).

Where erosional channels have not been cut into the top of the Walnut Formation, the thickness of the
formation at Plant 4 is fairly constant and varies between 25 and 35 feet. The maximum reported
thickness of the Walnut Formation in the Plant 4 area (at well P-1 between Clifford Avenue and the
Assembly Building) is 46 feet (Hargis + Associates 1989b). A reinterpretation of the thickness of the
Walnut Formation from the lithologic log from well P-1 places the thickness of the Walnut Formation
at about 30 feet, which is similar to the Walnut Formation thickness at nearby well P-26.
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The configuration of the top of the Walnut Formation at Plant 4 was shown previously (Hargis +
Associates 1989b, Figure 5). Except for the deep channel cut into (and possibly through) the Walnut
Formation in the East Parking Lot, the top of the Walnut Formation shows few abrupt changes in
elevation. A reinterpretation of the sharp rise or knob in the top of the Walnut Formation south of
Building 12 (Hargis + Associates 1989b, Figure 5) shows the feature is unsubstantiated because the
wells (HM-3A, HM-4A, and F-221) on the feature did not penetrate deep enough to contact the
Walnut Formation.

The three cross sections in the Interim Remedial Investigation Report (Hargis + Associates 1989a,
Figures 6, 7, and 8) and the cross sections in Figures II-1 through II-10 of the RI show the thickness
of the Walnut Formation throughout Plant 4. Water levels shown on the Volume II cross-sections
(Figures II-1 through II-10 of the RI) are based on September 1991 or the most recent
September/October water-level measurements. The cross section through the south edge of Plant 4 by
Hargis + Associates (1989a, Figure 8) does not show the thick knob of Walnut Formation shown in
the earlier Hargis + Associates report (1989b, Figure 5); therefore, the Walnut Formation thickness
in this part of the site is characterized as fairly constant. The north-oriented cross section in the
report by Hargis + Associates (1989a, Figure 6) and Figures II-1, II-2, and II-8 of the RI show the
abrupt decrease in thickness of the Walnut Formation in the East Parking Lot area where the former
river channel cut through most of the Walnut Formation. It is possible that the former channel has
cut entirely through the Walnut Formation and into the underlying Paluxy Formation in the East
Parking Lot area; however, no lithologic data from wells and soil borings confirm this.

The northwest-oriented cross section in the report by Hargis + Associates (1989a, Figure 7) suggests
that in the northwest end of the section, Meandering Road Creek has cut through the entire thickness
of the Walnut Formation. Determination of the base of the Walnut Formation from lithologic logs for
wells located both east (wells P-22 and P-24) and west (wells P-10 and P-29) of lower Meandering
Road Creek indicates that contact with the underlying Paluxy Formation is at an elevation of 600 feet.
This suggests that the lower section of Meandering Road Creek has cut through the entire thickness of
the Walnut Formation for a distance of about 1,000 feet before it empties into Lake Worth, which is
normally at an elevation of 593 to 594 feet. However, a field inspection along the lowermost reach
of Meandering Road Creek did not identify the basal contact of the Walnut Formation and the
underlying Paluxy Formation in the creek bed because of thick cover and absence of outcrops.

The Walnut Formation, also referred to as Walnut "Shell" (Rogers and others 1972) and Walnut Clay
(McGowen and others 1988), is mainly a shell agglomerate or coquinite that contains abundant
Gryphaea marcoui and Exogyra texana (Leggat 1957). The coquinite often has a matrix of calcareous
shale and clay. Interbeds of calcareous shale and clay also occur. Black, fissile shale was
encountered in several boreholes from the upper part of the formation just above the coquinite.

Dense sandy limestone, silty shale, and minor pyrite also occur in the lower part of the formation.

A disconformity separates the base of the Walnut Formation from the top of the Paluxy Formation.
No faults or prominent fractures are known to occur in the Walnut Formation.

Paluxy Formation
The Paluxy Formation, commonly called the Paluxy Sand, is the upper member of the Lower

Cretaceous period Trinity Group. The Paluxy Formation underlies all of Plant 4, and its uppermost
part crops out along the Lake Worth shoreline just northwest of Plant 4.
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The thickness of the Paluxy Formation ranges from 133 to 175 feet in the Plant 4 area (Hargis
Associates 1989b). The formation predominantly consists of several thick sandstone layers
(cumulatively, about 120 feet thick in this area) separated by thin, discontinuous shale and claystone
layers. The lower part of the Paluxy Formation is generally coarser grained than the upper part. The
top of the underlying Glen Rose Formation is defined as the first occurrence of a limestone unit.

In the Plant 4 area, the Paluxy Formation was deposited as a strandplain facies, which consists largely
of sandstone (Caughey 1977). This intercalated sandstone and shale sequence was deposited as a
shifting complex of near-shore (littoral) environments on the western margin of the East

Texas embayment.

Sandstones in the Paluxy Formation are porous, fine- to very-fine grained, and composed of
moderately to well sorted, subangular to subrounded, white quartz sand. The sandstones are poorly
cemented (friable) to slightly indurated with sparry calcite cement (Caughey 1977). Traces of pyrite,
iron oxides (limonite concretions), and glauconite occur in the sandstone, and these can be locally
abundant. Thinner sandstone beds tend to be the most diverse and contain pyrite nodules, traces of
lignite, silicified wood, and carbonized plant fragments. The sandstones commonly exhibit low-angle
cross-bedding. This cross-bedding was observed in core from the Paluxy Formation and in outcrop
along the Lake Worth shoreline northwest of Plant 4 where horizontal fossiliferous limestone beds of
the Walnut Formation truncate cross-bedded yellow-brown sandstone of the upper Paluxy Formation.

Bedding in the gray to green-gray or olive green shales (mudrocks) and silty claystones of the Paluxy
Formation may be horizontally laminated, massive, or burrowed (churned or bioturbated). The
mudstones commonly contain carbonized plant fragments and thin beds of lignite.

The thicknesses of individual sandstone and shaley units in the Paluxy Formation vary across the site.
In the upper part of the Paluxy Formation, differences in the individual sandy and clayey units can be
subtle (i.e., silty claystone compared to very fine-grained sandstone) and facies changes occur across
the site (claystone may grade into very fine-grained sandstone).

Previous reports divided the Paluxy Formation at Plant 4 into upper, middle, and lower Paluxy units
(Hargis + Associates 1989a, 1989b). This division was characterized as three distinct, continuous
sandstone units separated by continuous beds of shale, claystone, and siltstone. Additionally, a
distinct sand unit, termed the Upper Sand, was reported in the uppermost portion of the Paluxy
Formation. The upper Paluxy Formation was reported to contain finer-grained sediments than the
middle and lower Paluxy Formation.

Core descriptions from five boreholes drilled into the Paluxy Formation by Geotech from May to July
1991 did not substantiate the division of the Paluxy Formation described above by Hargis +
Associates (1989a, 1989b), which was derived largely from drill cuttings from numerous boreholes.
Because core recovery was only fair in the Paluxy Formation (many zones of very fine-grained,
friable, water saturated sandstone were not recovered), geophysical logs of boreholes were evaluated
to help determine if continuous clayey or shaley lithologic units separate the sandstone of the Paluxy
Formation across the site. It was recognized by the Corps (1986) during their installations of Paluxy
Formation monitoring wells that lithologic logs of the Paluxy Formation made from drill cuttings did
not agree with the geophysical logs of the same sections of rock. Given the soft, friable character of
the Paluxy Formation and its fine-grained nature, drill cuttings were often not representative of the
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lithology being drilled; therefore, greater reliance can be placed on the geophysical logs to provide
information on subtle lithologic changes.

Geophysical logs available for the following 11 boreholes were evaluated in a cursory nature to
determine the presence of continuous clayey or shaley intervals within the Paluxy Formation: P-5U,
P-9U, P-10U, P-12U, P-13M, P-15U, P-21U, P-22U, P-24EB, P-25EB, and P-26EB. The
geophysical logs for the 11 boreholes are presented in Appendix L of the RI. All 11 boreholes have
gamma-ray logs. In addition, resistivity and spontaneous potential logs were run in three of the
boreholes, and a resistivity log was run in one of the boreholes. Only three of the geophysically-
logged boreholes (P-24EB, P-25EB, and P-26EB) penetrated the entire thickness of the Paluxy
Formation. One borehole (P-13U) penetrated all the way through the upper and middle portions of the
Paluxy Formation. The remaining seven logged boreholes penetrated 50 feet or less into the upper
portion of the Paluxy Formation.

The three deep boreholes that penetrated the entire thickness of the Paluxy Formation and were logged
using borehole geophysics do not provide sufficient coverage to allow a detailed site-wide correlation of
individual sandy and shaley units reported in the borehole logs.

The most extensive unit that can be mapped within the Paluxy Formation on the basis of the
geophysical logs and the five Geotech core logs is a shale or silty shale bed about 3- to 5-feet thick
that occurs just below a fine-grained sandstone bed five feet in thickness at the top of the Paluxy
Formation. This correlation could only be made along the south edge of the Plant 4 site in boreholes
P-12U, P-13U, and P-26EB (from east to west), and this relationship was verified by description of
core from boreholes P-30M and P-31U in the same area. The correlation of this shale unit northward
across the site in boreholes P-25EB and P-26EB is tenuous, however. At borehole P-25EB, the
uppermost shale is approximately 20 feet below the top of the Paluxy Formation, and at borehole
P-26EB, the first shaley unit is approximately 40 feet below the top of the formation.

Other minor shaley or silty shale units in the Paluxy Formation can be recognized in the geophysical
logs, but these units do no support correlation across the site. Subtle and frequent facies changes in the
fine-grained sediments of the Paluxy Formation are the principal reasons that individual shaley or
clayey units in the Paluxy Formation are traceable for only hundreds of feet rather than across the site.

1.4.8 Hydrogeology

The hydrogeologic system of interest at Plant 4 includes three main units: an upper-zone ground-water
system; an aquitard system composed of competent bedrock of the Goodland Limestone and Walnut
Formation; and the Paluxy Aquifer, which is a source of municipal water supply for the city of White
Settlement. The hydrogeology of the upper-zone ground-water system and the underlying aquitard
formations are discussed in Sections 1.4.8.1 and 1.4.8.2, respectively. Hydrogeology of the Paluxy
Aquifer is discussed in Section 1.4.8.3.

1.4.8.1 Upper-Zone Ground Water

Upper-zone ground water at Plant 4 occurs in unconsolidated Quaternary Period deposits and weathered
Goodland Limestone, both of which overlie competent bedrock. Lithology of the upper-zone ground-
water system consists primarily of silt and clay material, with silty sand and gravel deposits often
present in paleochannels incised into bedrock.
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The upper-zone ground-water system is underlain by competent Goodland Limestone and Walnut
Formation. The Goodland Limestone is an assemblage of interbedded siltstone, claystone, and
limestone. The Walnut Formation consists of highly indurated limestone and shell agglomerate.
These two formations form an aquitard that restricts the flow of ground water between the upper-zone
flow system and the underlying Paluxy Formation. In many areas the Goodland Limestone is located
at or very near the land surface. Upper-zone ground water is essentially absent in these areas.
Elsewhere, the Goodland Limestone and Walnut Formation are incised by paleochannels filled with
alluvium. The Goodland Limestone is often entirely absent in these areas. Locally, such as beneath
the East Parking Lot, the Walnut Formation has been eroded almost completely by a paleochannel,
creating a potential for ground-water flow into the Paluxy Formation.

Detailed lithologic descriptions of the unconsolidated Quaternary Period deposit and cross sections
through the upper-zone are presented in Section 1.4.7.

Upper-Zone Ground Water: Recharge and Discharge

Natural recharge to the upper-zone flow system occurs through direct infiltration of precipitation and
runoff. Extensive paved areas and buildings restrict the natural infiltration of precipitation over much
of Plant 4. However, precipitation does infiltrate through several large grassy areas that include
portions of the flight-line area, the radar range, and Landfill Nos. 2, 3, and 4.

Additional recharge also occurs as leakage from water-supply lines, fire-fighting pipe systems, cooling-
water systems, sanitary sewers, and storm sewers. Preliminary data from GD for the period

January 1, 1991 through December 31, 1991, can be used to estimate losses from the combined water-
supply, sanitary sewer, storm sewer and outfall (Nos. 1 and 4) systems. Data obtained from GD
(General Dynamics Facility Management 1992) indicate that GD purchased 934.7 million gallons of
water from the City of Fort Worth in 1991. After use, this water was then discharged to the sanitary
sewer and Outfall Nos. 1 and 4. City water was also used to keep the fire-fighting system pressurized.

For 1991, Plant 4 records indicate a storm-sewer discharge of 677.6 million gallons, an Outfall No. 1
discharge of 127 million gallons, and an Outfall No. 4 discharge of 14.6 million gallons. The
difference between inflow and outflow is 115.5 million gallons for 1991. This is equivalent to a
leakage-induced recharge rate of 316,000 gallons per day (gpd). This value is considered to be a
conservative estimate of the leakage rate because past employment and water usage have been greater
than in 1991. Additionally, limited data available from earlier years suggests that losses in the past
may have been greater due to temporary line breaks and/or perforations (GD Facility

Management 1992).

Some losses are also expected from the cooling water system. This system consists of a 1-mile-long,
48-inch-diameter pipeline supplied with water from Lake Worth. This system delivers water under
pressure to the main cooling tower and then returns it under open-channel flow conditions to the lake.
The system operates at flow rates that vary between 6 and 40 million gallons per day (mgd) (GD
Facility Management 1992). However, this system is not continuously monitored and leakage rates
cannot be estimated.

A recharge rate of approximately 316,000 gpd over the main plant area represents a moderate flux into
the upper-zone flow system. As such, losses from the pipe systems influence the direction and rate of
groundwater flow and contaminant transport and contribute to the dilution of subsurface contamination.
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Specifically, this localized recharge to upper-zone ground water contributes, in part, to the high
hydraulic heads measured beneath Plant 4. Figure II-24 of the RI, a map of water-table elevations in
the upper zone, shows two ground-water mounds in the vicinity of the main building. One mound is
located at the southern portion of the Assembly Building/Parts Plant, and the second is located near
the northern portion of the Assembly Building/Parts Plant. As shown in Figure II-25 of the RI, a
map of the base of the upper-zone flow system, locally high areas of competent bedrock underlie the
ground-water mounds. This indicates that the bedrock topography also contributes to the high water-
table elevations found beneath the plant.

If the leakage from the pipe systems was reduced, water-table elevations beneath the plant would
decline. This would lead to smaller hydraulic gradients, lower groundwater velocities, and lower
dilution ratios for subsurface contamination. Flow directions might also change, although such
changes would likely be minor as the directions of groundwater flow are strongly influenced by the
topography of the competent bedrock. Given that the volume of water lost from the Plant 4 water-
distribution system is typical of conventional potable water-supply systems, it is unlikely that
significant reductions in the loss rate are possible, as long as the plant is in operation. Complete
elimination of potable water-losses would require the excavation and replacement of tens of thousands
of feet of pipe that currently underlie the main building—together with a myriad of other utilities.
Nonetheless, the result of leakage reductions (and complete leakage elimination) is being examined, in
terms of flow directions and gradients, via the groundwater flow model.

Discharge from the upper-zone flow system occurs primarily as seeps to Meandering Road Creek,
baseflow to Farmers Branch, and discharge to the West Fork of the Trinity River. Locations of these
discharge sites are shown on the regional water-table map (Figure II-26 of the RI). Discharge from
the upper-zone ground water also occurs as vertical leakage into the Paluxy Aquifer. Most of the
vertical leakage occurs in areas such as the axes of paleochannels where considerable portions of the
Goodland Limestone and Walnut Formations are absent. Results of previous investigations indicate
that one such area exists beneath the East Parking Lot. This location has been referred to as the
"window area" (Figure 1-8a). The relative quantities of water discharging from the upper-zone flow
system at various discharge locations are unknown.

Upper-Zone Ground Water: Hydraulics

The upper-zone flow system is bounded by the water table and the contact between unconsolidated
deposits/weathered bedrock and competent bedrock. The difference in elevation between the water
table and competent bedrock defines the saturated thickness. The elevation of the water table was
measured at 179 upper-zone monitoring wells at Plant 4 in September 1991. One complete set of
measurements was taken in September 1991. A local-scale water-table contour map, constructed from
these measurements is presented in Figure I1-24 of the RI. Additionally, a regional-scale water-table
contour map (Figure 11-26 of the RI) was constructed on the basis of upper-zone water-level
measurements at Plant 4, CAFB, and surface-water elevations in the West Fork of the Trinity River.

Both Figures 11-24 and II-26 of the RI show that the upper-zone flow system contains ground-water
mounds at the northern and southern parts of the Assembly Building/Parts Plant. These mounds are
likely a result of ground-water recharge from leaking water pipelines. As shown on Figures 11-24
and I1-26 of the RI, ground-water flow directions diverge from the mounds.
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Groundwater flows in three primary directions in the vicinity of Plant 4. The dominant flow direction is
towards the east, originating at the south-central part of Plant 4. Secondary flow directions include the
westerly flow direction originating at the west-central part of the Assembly Building/Parts Plant, and the
northerly flow direction originating at the northern part of the Assembly Building/Parts Plant.
Approximate hydraulic gradients (defined as the change in head along the flow path) in these three flow
domains range from 0.005 to 0.01 in the easterly flow direction, 0.004 to 0.2 in the westerly flow
direction, and 0.01 to 0.03 in the northerly flow direction.

The area beneath and just west of the Assembly Building is characterized by relatively flat hydraulic
gradients. To show additional detail in this area, bedrock and water table contour maps plotted at
2-foot contour are provided in Figure 1-8b and Figure 1-9, respectively. These figures show that both
the water-table and bedrock topography form a saddle in the vicinity of Building 14, with groundwater
flow directed east and west of this saddle.

The base of the upper-zone flow system at Plant 4 is defined as the top of competent bedrock. Records
of drillholes installed at Plant 4 were used to obtain elevations of the top of competent bedrock material.
Figure II-25 of the RI is a contour map which illustrates the top of competent bedrock at Plant 4.
Paleochannels trending northeast across the East Parking Lot, southeast across the flight lines at CAFB,
and north from the northern end of the Assembly Building/Parts Plant are evident in Figure II-25 of the
RI. Saturated thicknesses in the upper-zone flow system are generally greatest along the axes of these
paleochannels.

Basal gravel is frequently present at the contact between competent bedrock and the upper zone. Basal
gravel attains maximum thickness in the East Parking Lot area along the course of the main northeast
trending paleochannel. Lithologic logs compiled by previous investigators (Hargis + Associates 1989)
indicate that monitoring well HM-089, located within the paleochannel, contains 16 feet of basal gravel
deposits. Basal gravel thicknesses are significantly less outside the paleochannel.

Slug tests were performed on 25 monitoring wells to obtain estimates of hydraulic conductivity in the
upper zone. Some of the wells included in the slug testing program have screens that extend into
weathered portions of the Goodland Limestone. It was considered appropriate to test these wells (such as
W-128L, W-133L, and W-157) because the upper-zone flow system has been defined to include
unconsolidated alluvium and weathered portions of the Goodland Limestone. Results of the slug tests are
suitable for characterizing the hydraulic conductivity of a small cylinder of porous media that surrounds
the well screen. The results of slug tests are representative of smaller volumes of porous media than are
the results of conventional pumping tests. The tests were performed according to the procedures
identified in the RI Work Plan. The only exception was that a different recording schedule was used to
accommodate the In-Situ data loggers. Slug test analyses were based on the method of Bouwer and Rice
(1976), and Bouwer (1989). The calculations associated with the slug test analysis are presented in
Appendix O of the RI. Hydraulic conductivities obtained from the slug testing in the easterly flowing
ground-water area are presented in Table 1-4. Estimated hydraulic conductivity values in the easterly
flowing ground-water zone ranged from 1.97 x 10 centimeters per second (cm/s) in monitoring well
W-159 t0 9.76 x 10 cm/s in monitoring well W-157. The mean of the logarithms of the hydraulic
conductivities in the easterly flowing ground-water system is 4.52 x 10* cm/s based on a sampled
population of 13 monitoring wells. No distinct difference between hydraulic conductivity estimated for
wells located within paleochannels and wells placed outside paleochannel margins was indicated on the
basis of slug test results.
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Table 1-4. Slug Test Results in Easterly Flowing Upper-Zone Groundwate

Well Number(Test Number) o 1 ' Hydraulic Conductivity
{cm/sec)

W-128L 1.05 x 10°
W-131U0(1) 1.01 x 102
W-131U(Q2) 1.13 x 107
W-133L(1) 1.83 x 10?
W-133LQ2) 1.77 x 10°
W-149(1) 1.18 x 104
W-149(2) 1.22 x 10*
W-151(1) 234 x 10°
W-151(2) 2.21 x 10°
w-153(1) 3.58 x 10°
W-153(2) 3.39x10?

W-156 1.85 x 10°

W-157 9.76 x 10°¢
W-158(1) 3.18 x 10°
W-158(2) 2.94 x 10°?
W-159(1) 1.57 x 102
W-159(2) 1.97 x 10?
W-160(1) 5.62 x 10°
W-160(2) 5.81 x 10°
HM-12(1) 5.52 x 10
HM-12(2) 3.56 x 10°
HM-28(1) 6.90 x 10°
HM-28(2) 6.69 x 10°

Estimated hydraulic conductivity values for the westerly flowing ground-water system are presented in
Table 1-5. The maximum hydraulic conductivity value in the westerly flowing ground-water area
was estimated to be 1.13 x 10" cm/s at monitoring well W-144; the minimum value was estimated to
be 7.73 x 10 cm/s at monitoring well W-141U. The mean of the logarithms of the estimated
hydraulic conductivity values is 2.39 x 10® cm/s based on a sampled population of eight monitoring
wells.

Estimated hydraulic conductivities for the northerly flowing ground-water area are presented in

Table 1-6. The maximum hydraulic conductivity value in the northerly flowing ground-water area
was estimated to be 3.00 x 102 cm/s at monitoring well W-143; the minimum value was estimated to
be 3.75 x 10 cm/s at monitoring well F-212. The mean of the logarithms of the estimated hydraulic
conductivity values is 5.31 x 10 cm/s based on a population of four monitoring wells.
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Table 1-5. Slug Test Results In the Westerly Flowing Upper-Zone Groundwater

Well Number(Test Nuuber) ' ’ Hydraulic Conductivity
({cm/sec)

W-136(1) 6.69 x 10°*
W-1362) 6.25 x 10°
W-140(1) 1.05 x 107
W-140(2) 9.84 x 10°
W-140(3) 1.17 x 10*
W-141U 7.73 x 10°%

W-144 1.13 x 10"
W-147(1) 4.03 x 10
W-147(2) 2.13 x 104
F-216(1) 2.06 x 10°
F-216(2) 2.12x 10°
F-217(1) 2.32x 10
F-2172) 2.42 x 10°
F-217(3) 2.45 x 10°
HM-27(1) 1.08 x 10°
HM-27(2) 1.17 x 10°

Table 1-6. Slug Test Results for Northerly Flowing Upper-Zone Groundwater

Well Number(Test Nuniber)_ TR i Lo Hydfaulic_Conductiyity' s s
BN LU e T (em/sec) :

W-143(1) 3.00 x 102
W-143(2) 2.76 x 102

F-208(1) 2.69 x 10*

F-208(2) 2.54 x 10*

F-212 3.75 x 10°
HM-105(1) 2.84 x 10°
HM-105(2) 2.93 x 10°
HM-105(3) 2.70 x 107

DOE/Grand Junction Projects Office Feasibility Study Report

September 1995 Page 1-32



261056

Although the number of slug tests in the different flow areas varied, the resulting estimates of
hydraulic conductivity indicate that there is extreme variability in the hydraulic conductivity across the
site. A mean of the logarithms of the hydraulic conductivity parameter provides an average that is
skewed in the direction of lower hydraulic conductivities relative to the arithmetic mean. Given that
research has shown that the hydraulic conductivity parameter is often log-normally distributed, the
logarithmic approach to estimating average hydraulic conductivity is justified (Domenico and
Schwartz 1990, pp. 66 - 67). Note that an average computed on the basis of the logarithms of
individual conductivity values is identical to the geometric mean of the raw conductivity values
(Equation 3.20, Domenico and Schwartz 1990).

Published values of hydraulic conductivities for silty sand range from 1.0 x 10 to 1.0 x 10" cm/s,
and porosity values for silts and clays range from 0.20 to 0.33 (dimensionless) (deMarsily 1986,
p. 36). Together with hydraulic gradient values presented earlier, the two parameters of hydraulic
conductivity and porosity may be used to estimate the average linear velocity of upper-zone ground
water. The average linear velocity is defined as

5-Y.Kan Equation 1-1
n n

where: v = Darcy flux, or specific discharge (L*/L? T)
n = porosity (dimensionless)
K = hydraulic conductivity (L/T)
dh/dl = hydraulic gradient

A matrix in which Equation 1-1 is solved for each of the flow directions in the upper zone is
presented in Table 1-7.

Table 1-7. Estimated Minimum and Maximum Values of Average Linear Velocity
in Upper-Zone Groundwater

Flow System Mean-of-Logs Assumed Hydraulic Gradient Darcy Flux Average Linear
Hydraulic i "Porosty . “} - {dimensionless) : {am/s) o ““Velocity. .

Conductivity : (dimensionless) 3 i “{em/s)

(am's) ) s . . : . : X ! ; :
Easterly Flow 1.15 x 10° 0.30 0.005 5.75 x 10* 1.92 x 10°
(minimum) (0.05 fvd)
Easterly Flow 1.15 x 10° 0.30 0.01 1.15 x 10° 3.83 x 10°
(maximum) .11 fvd)
Westerly Flow 2.39 x 10°* 0.30 0.004 9.56 x 10* 3.19 x 10°®
(minimum) (0.09 f/d)
Westerly Flow 2.39 x 10° 0.30 0.2 4,78 x 10* 1.59 x 10?
(maximum) (4.51 fvd)
Northerly Flow 5.31 x 10* 0.30 0.01 5.31 x10* 1.77 x 10
(minimum) (0.05 fvd)
Northerly Flow 5.31 x 10* 0.30 0.03 1.59 x 10° 5.31 x 10°
(maximum) (0.15 fud)
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Except for the westerly flowing maximum value, estimated minimum and maximum average linear
velocity values are relatively consistent throughout Plant 4. The maximum hydraulic gradient
calculated in the westerly area was in the vicinity of Landfill No. 3. The hydraulic gradients may be
steep in this area due to the head loss associated with the ground water flowing across the low
hydraulic conductivity bedrock ridge that parallels Meandering Road Creek. There were no hydraulic
conductivity values obtained in this area during the RI.

1.4.8.2 Goodland Limestone and Walnut Formation Aquitard

The Goodland Limestone is an assemblage of interbedded siltstone, claystone, and limestone while the
Walnut Formation consists of highly indurated limestone and shell agglomerate. These two
formations form an aquitard that restricts the vertical flow of ground water between the upper-zone
flow system and the Paluxy Aquifer. The entire section of Walnut Formation and at least a portion of
the Goodland Limestone are present within most of the Plant 4 area. In the vicinity of Plant 4, the
maximum thickness of the aquitard is approximately 30 feet. However, the aquitard is thin, and in
some cases nearly absent, in areas where paleochannels have incised into the Goodland Limestone and
Walnut Formation. As previously discussed, the window area in which the aquitard is almost absent
is located beneath the East Parking Lot. Probable weathering of the remaining veneer of Walnut
Formation in this area creates a potential ground-water flow into the Paluxy Formation.

Most of the characterization activities performed during the RI focused on the Walnut Formation
because the Walnut Formation comprises most of the aquitard in the vicinity of Plant 4. Vertical
hydraulic conductivity of competent Walnut Formation was measured on several drilling core samples
collected during the RI. Table 1-8 presents the results of the vertical hydraulic conductivity
measurements. The logarithmic mean of the measured hydraulic conductivity values is

7.0 x 10°*° cm/s, based on a sampling of six cores.

Table 1-8. Results of Vertical Permeability Testing in the Competent Walnut
Formation Aquitard

' SampleLocation | ' DephofSample | Effective Porosity | Hydraulic Conductivity
(percent) {cm/s)
P-27 47°2" to 47°6" 8.6 4.2 x 10°
P-27 56°4" to0 57°0" 8.2 ’ 5.2 x 10"
P-28 372" 10 37°6" 7.2 1.2x10°
P-28 50°2" to 50’ 6" 6.4 7.3 x 10"
P-30 38°0" t0 38°6" 12 8.5 x 10”°
P-30 52°10" to 53°4" 23 7.1 x 10"
DOE/Grand Junction Projects Office Feasibility Study Report
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In addition to the hydraulic conductivities discussed above, hydrographs for paired upper-zone and
Paluxy Formation monitoring wells also indicate that there is relatively little flow from the upper-zone
to the Paluxy Formation. Hydrographs for HM-86 and P-14US (located in the East Parking Lot
window area), and W-143 and P-28U (located in the North Parking Lot) are shown in Figure 1-10
and Figure 1-11, respectively. Figure 1-10 shows two significant step-like changes in the water level
in HM-86. These changes are not present in the P-14US hydrograph, indicating poor hydraulic
communication. The Walnut Formation at this location is 6-feet thick. In Figure 1-11, W-143
shows two smaller increases in the upper zone water-level. Again, these trends are not present in the
hydrograph for the Paluxy Formation well, P-28U.

The large differences in hydraulic head at these two pairs of wells (approximately 28 feet at
HM-86/P-14US and 46 feet at W-143/P-28U) also indicates large vertical head losses, which are
consistent with the presence of a low-conductivity aquitard.

At locations in the paleochannel beneath the East Parking Lot where the Walnut Formation is a
minimum, the effectiveness of this aquitard is diminished and vertical flux rates will be higher. The
vertical Darcy velocity and average linear velocity can be estimated using Equation 1-1 with the
hydraulic gradient defined at locations of paired upper-zone and Paluxy Formation wells. Paired
wells in the paleochannel-window area include P-14US/HM-86, P-15US/HM-90, and
P-16US/HM-94.

Because vertical flow from the upper-zone into the Paluxy Formation is a case of flow perpendicular

to layering, K in Equation 1-1 must be replaced with K,, the equivalent vertical hydraulic conductivity
(Freeze and Cherry 1979, p. 33). The expression for the equivalent vertical hydraulic conductivity is

d

>

n
i=1

K=

Z

Equation 1-2

Rl R

where K, = equivalent vertical hydraulic conductivity

d = combined thickness of heterogeneous units

d; = individual thickness of strata i

K, = hydraulic conductivity of strata i.

It is important to note that the definition of the d; and d should be consistent with the definition of AL
that is used in calculating the hydraulic gradient that will be used with K, to estimate the Darcy
velocity. This relationship is discussed in Appendix Q of the RI, Hydrologic Calculations, Notes, and
Drawings.
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When Equation 1-2 is used to calculate the equivalent vertical hydraulic conductivity for an interval that
includes strata with very low hydraulic conductivities, d/K; values for high permeability strata have a
negligible contribution and are commonly ignored (see Appendix Q of the RI, Hydrologic Calculations,
Notes, and Drawings).

The equivalent vertical hydraulic conductivities for the three window area well pairs are presented in
Table 1-9. These equivalent vertical conductivities are then used to estimate the vertical Darcy flux and
average linear vertical velocity through the Walnut Formation in the vicinity of the window area. The
results are presented in Table 1-10. The complete details for these calculations are presented in
Appendix Q of the RI.

Table 1-9. Estimated Equivalent Vertical Hydraulic Conductivity for Flow Through
Walnut Formation

Sample ’ d K; 4; d K,
Location - | © Walout Palu Paluxy " (cm/s)
o i n) (cm/sex) ) [
HM-86 and . R 7.84x 10°
P-14US 7.0x 10 6.6 2x10 4.75 26 (2.22x 10*fUd)
HM-90 and
1.17 x 107
3 ] -3
P-15US 7.0x 10° 2.0 2x10 2.5 18.0 (3.32 x 10* fUd)
HM-94 and . . 9.34 x 10°
P-16US 7.0x 10 2.25 2x 10 3.5 19.35 (2.65 x 10 4 f/d)

Table 1-10. Vertical Average Linear Velocity and Darcy Flux Through the Walnut Formation
in the Window Area

Sample K " Porosity | Hydraulic “Vertical -  Vertical Average
Location (n/d) o (dimensionless) ‘Gradient ‘Darcy: sofii e Linear Veloeity
1 (dimensionless) Flux (ft/d) 1 id

HM-86 and s

P.14US 2.22x 107 0.074 1.1 2.39x 10° 3.23x10
HM-90 and

P-15US 3.32x 10% 0.074 1.2 3.86 x 10° 5.22x10°
HM-94 and , s

P-16US 2.65x 10 0.074 0.3 8.57 x 104 1.16x 10°

In these calculations, measured K; values were not available for the Walnut Formation in the window
area. Because the Walnut Formation is thin and likely weathered in this area, K; was assumed to be two
orders of magnitude greater than the logarithmic mean K for the competent Walnut Formation, or

7 x 10® cm/s (see Table 1-8). For the Paluxy Formation, K; was set equal to 2 x 10® cm/s, which is
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the logarithmic mean of the vertical hydraulic conductivities measured for Paluxy Formation core
samples (see Table 1-15).

The porosity used to calculate the average linear velocity through the Walnut Formation was

7.4 percent. This is the arithmetic average of porosity values reported for Walnut Formation core
samples (see Appendix P of the RI, Vertical Hydraulic Conductivity Analysis of Walnut Formation and
Paluxy Formation Core Samples via Triaxial Cell Testing).

The estimated vertical flow velocity through the Walnut Formation suggests that as long as the Walnut
Formation is present, the downward flow of ground water is very limited. The primary control
impeding the downward flow of ground water is the low vertical hydraulic conductivity of the competent
Walnut Formation. The distribution of contamination in the Paluxy Formation over most of Plant 4
confirms that there is very little flux of upper-zone ground water flowing through the aquitard.

However, in the window area, the Paluxy Formation is significantly contaminated with TCE and its
degradation products (Section 1.5.5.3). This suggests that although a remnant of the Walnut Formation
may be present, it is significantly weathered. It also suggests that the degree of weathering has
increased the hydraulic conductivity to the point where the aquitard is leaking appreciably in the window
area. The volume of leakage through the Walnut Formation is discussed in Section 1.4.8.3.

1.4.8.3 The Paluxy Aquifer

The Paluxy Aquifer is an unconfined to semi-confined sandstone aquifer that underlies the Walnut
Formation aquitard. The bottom of the Paluxy Aquifer is defined as the first occurrence of limestone
beneath the Paluxy Formation. Limestone is the dominant component of the Glen Rose Formation
which underlies the Paluxy Formation.

In Tarrant and Dallas Counties, the Paluxy Aquifer is widely used as a source of water for domestic,
municipal, and industrial water supplies. Development of the Paluxy Aquifer began in the early 1900s,
with total production in the Tarrant and Dallas County areas reaching a peak in the late 1960s
(Nordstrom 1982). The decline in production since the late 1960s resulted from large declines in
hydraulic head caused by heavy pumping in eastern Tarrant County and central Dallas County. The
declining water levels led to the abandonment of inefficient wells (Nordstrom 1982), which were then
replaced by the development of other sources, such as the Twin Mountains Aquifer. In the immediate
vicinity of Plant 4, seven municipal water supply wells obtain water from the Paluxy Aquifer. These
wells are owned by the city of White Settlement and are shown on Plate 2. Although complete
historical production records are not available for these wells, pumpage has been relatively constant in
recent years (Mike Ostrosky, city of White Settlement, telecon 1992). Average daily production rates
for each of the White Settlement municipal wells are shown in Table 1-11.

As noted in Section 1.4.7, the Paluxy Aquifer has been characterized in previous site reports as a
stratified aquifer consisting of three distinct flow systems separated by continuous aquitards composed of
siltstone, claystone, and/or shale. Of the four references that address the hydrogeology of the Tarrant
County area; Leggat 1957, Peckham and others 1963, Caughey 1977, and Nordstrom 1982. Only
Leggat (1957) raises the possibility of stratified-flow characteristics within the Paluxy Aquifer. Leggat
(1957) notes that the Paluxy Aquifer may be divided into upper and lower sand members and that the
sand beds do not maintain constant thickness or lithology over long distances. However, specific data
are not provided in support of this hypothesis.
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Table 1-11. Average Daily Production for White Settlement Municipal Supply Wells
Completed in the Paluxy Aquifer (data provided by City of White Settlement, October 1989)

Well Number Average Daily Production Depth of Screened Total Depth
(Gallons Per Day) Interval (Feet) (Feet)
WS-1 73,000 Not Available 254
WS-2 56,000 Not Available 200
WS-3 75,100 180-200 201
WS-H3 65,900 212-242 282
WS-5A 82,600 175-305 305
WS-8 68,900 175-286 286
WS-12 62,000 Not Available 195

A review of lithologic logs from previous reports (largely based on drill cuttings) and lithologic logs
based on continuously-cored holes installed during the RI/FS field investigation indicates that
sandstone is the most prevalent rock within the Paluxy Formation; however, the formation also
contains abundant low-permeability zones comprised of interbedded shale, siltstone, and claystone.
These interbedded units range in thickness from less than 1 foot to more than 10 feet. For example,
in the lithologic log for well P-11M (U.S. Army Corps of Engineers 1986), the interval extending
from 71 to 153 feet below ground level (bgl) was logged as "sand/sandstone” and was noted to
contain nine individual "shaley zones" that ranged in thickness from 0.7 feet to 4.8 feet. The 4.8-foot
shaley zone was found at 104 to 109.8 feet bgl. Thicknesses of the other shaley zones identified in
the lithologic logs did not exceed three feet. Variable-thickness shale and siltstone/claystone layers
separated by sandstone intervals are further documented in the lithologic logs for other wells, such as
P-12M and P-13M (U.S. Army Corps of Engineers 1986) and P-27U through P-31U (see Appendix
B-1 of the RI). Cross-sections prepared by previous investigators and containing many of these wells
have commonly displayed these variable-thickness shale and siltstone layers as thick, continuous
sequences (up to 20 feet) of low permeability rock. However, as noted above, lithologic logs for
individual boreholes do not support this interpretation.

Hydrogeologic cross-sections through the Paluxy Aquifer are presented in Figures II-1 through I1-10
of the RI. Water-levels shown on the cross-sections are based on September 1991 or the most recent
September/October data. The location of each of the cross-sections is depicted in Plate 4. The site-
scale hydrostratigraphic characteristics of the Paluxy Aquifer are shown in the three-dimensional
fence-diagram presented on Plate 5. Due to the scale of the fence diagram, individual lithologic units
less than 5 feet thick are not shown. Sequences within the Paluxy Formation that include shale and
siltstone/claystone interbeds with thicknesses less than 5 feet are illustrated as "interbedded
sandstone.”
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As shown by cross-sections 1 through 10 (Figures II-1 through II-10 of the RI), and as described in
Section 1.4.7, individual shale and siltstone/claystone units are frequently encountered throughout the
vertical extent of the Paluxy Aquifer. There appears to be a greater tendency to encounter low-
permeability shale and siltstone/claystone layers in the upper portions of the Paluxy Aquifer than in
the lower portions of the aquifer. In most instances, individual shale and siltstone/claystone units
cannot be correlated over large distances because of the variable distribution of the units and the
uncertainty associated with the lithologic logs prepared on the basis of drill cuttings.

On the basis of these observations, the Paluxy Aquifer is regarded as a single unconfined to semi-
confined flow system consisting of a largely sandstone matrix with abundant layers of interbedded
shale, siltstone, and claystone. This interpretation of the Paluxy Aquifer and the evaluation of Plant 4
lithologic logs prepared for the Paluxy Formation are further discussed in Chem-Nuclear Geotech
(1992), "A Modification in the Former Conceptual Model of the Paluxy Aquifer Flow System."

Paluxy Aquifer Recharge and Discharge

Recharge to the Paluxy Aquifer occurs largely as infiltration of precipitation falling on the outcrop in
Wise, Parker, Hood, and Tarrant Counties. Recharge also occurs as infiltration from Lake Worth
and Eagle Mountain Lake, both of which lie at least partially within the boundary of the outcrop.
Additional minor amounts of recharge also occur as infiltration from streams that cross the outcrop.
In the immediate vicinity of Plant 4, it is evident that small amounts of recharge are also derived from
leakage of upper-zone ground water through the window area (where the Walnut Formation has been
severely eroded) and leakage of surface water through the lower reaches of Meandering Road Creek.
In both of these areas, most, if not all, of the Walnut Formation has been eroded, reducing the
capacity of this aquitard to impede the vertically downward flow of upper-zone ground water and
surface water.

Evidence of recharge entering the Paluxy Aquifer in these areas is provided by the hydraulic head
data from "US," "U," and "M" series wells located within these potential recharge areas. In the
window area, the uppermost Paluxy wells are those with a "US" designation. The "U" designation
indicates those wells completed in the next lower portion of the Paluxy Aquifer. As shown in
Appendix D-1 of the RI, the fence diagram (Plate 5), and Figures II-1, II-2, and II-8 of the RI,
"US" wells located in the vicinity of the window area (P-8, P-9, P-14, and P-15) have water levels
several feet higher than the paired "U" wells at these locations. This indicates that downward flow
occurs within the Paluxy Aquifer at these locations. This downward flow most likely originates as
recharge transmitted through the eroded portion of the Walnut Formation. This same characteristic is
observed in the "U" and "M" wells at P-10 and P-24. These two well pairs are located in the
vicinity of lower Meandering Road Creek, where erosion has also removed much of the Walnut
Formation bedrock.

Using the Darcy flux calculation from Section 1.4.8.2, it is possible to estimate the vertical flux rate
through the Walnut Formation in the window area. The volumetric flux is given by Q = V*A,
where V is the Darcy flux through the Walnut Formation given in Section 1.4.8.2, and A is the area
through which flow occurs. As noted in the lithologic log for monitoring well HM-94 (Hargis +
Associates 1985a), the Walnut Formation is 1.5 feet thick at this location. Similar thicknesses are
reported for the Walnut Formation at nearby wells P-15 and P-16 (located approximately 250 feet
apart). Assuming that flow occurs through an area encompassed by a 250-foot-radius circle where
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the Walnut Formation is approximately 1.5 to 2.5 feet thick, an upper limit on the estimate of
recharge flux into the Paluxy Aquifer would be:

(2.4 x 10* ft/d) 226,000 ft> = 50 ft*/d.

This calculation is based on the average of the Darcy flux rates at P-15 and P-16 (Table 1-9) and the
assumption that the Walnut Formation is weathered in the window area. If the Walnut Formation
limestone found in the window area remains indurated and competent, the recharge flux through the
thinnest portion of the formation could be as low as 0.5 ft*/d. Smaller fluxes can be expected
elsewhere in the East Parking Lot paleochannel where Walnut Formation thicknesses exceed the 1.5
to 2.5 feet observed in the Window Area.

Further understanding of the window area vertical flux will be obtained during calibration of the
site-scale flow model. During this phase, vertical flux parameters will be adjusted in order to match
calibration targets in the window area. Numerical simulations will then provide improved estimates
of the vertical flux in the window area.

Although no direct measurements of infiltration derived from precipitation have been made or
reported in the literature, a qualitative estimate can be developed by considering several factors.
Nordstrom (1982) notes that average annual precipitation on the Paluxy Formation outcrop is 31
inches. However, only a small fraction of the 31 inches becomes recharge, as most is lost to runoff
and evapotranspiration. Leggat (1957) reports that annual runoff accounts for 2.5 to 4 inches per
year, and evapotranspiration during the growing season accounts for another 67 percent of annual
precipitation, or 21 inches. This leaves between 6 and 7.5 inches available for recharge and
evapotranspiration during spring, fall, and winter. Assuming off-season evapotranspiration consumes
2 to 5 inches of this remainder, maximum recharge rates are likely to be in the range of 1 to 5 inches
per year. Based on a simple mass balance calculation for the Trinity-group aquifer system,
Nordstrom estimated that effective recharge was approximately 5 percent, or 1.5 inches per year.
Recharge estimates of 1 to 5 inches per year are supported by preliminary results of a numerical
simulation of the Paluxy Aquifer flow system. This model encompasses western Tarrant County and
Eastern Parker County (Figure I1-30 of the RI) and is based on an assumed recharge rate of 2 inches
per year over the outcrop.

Discharge from the Paluxy Aquifer is largely due to pumping from numerous water-supply wells
throughout Tarrant, Dallas, and surrounding counties. It is likely that some discharge also occurs as

ground-water evapotranspiration from the outcrop area and baseflow to streams, Lake Worth, and
Eagle Mountain Lake.

Maximum production from Paluxy Aquifer wells was 13,000 acre-feet per year in both 1963 and
1969 (Nordstrom 1982). Production for 1976, the last year for which data are published, was
9,600 acre-feet.
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Paluxy Aquifer: Hydraulics

Regional literature classifies the Paluxy Aquifer as an unconfined flow system in the Tarrant County
area. As shown in the cross-sections presented in Figures II-1 through II-10 of the RI, the high
frequency of interbedded shale and siltstone/claystone units can be expected to cause the aquifer to
behave in a semi-confined manner in the immediate vicinity of Plant 4.

Maps of Paluxy Aquifer water-level elevations in the Parker and Tarrant County areas surrounding
Plant 4 are shown in the RI’s Figure 11-28 for the year 1955, Figure 1I-29 of the RI for the year
1989, and Figure II-31 of the RI for the year 1976. These maps show that the regional flow
direction in the Paluxy Formation has been and remains nearly due east. The maps for 1955 and
1976 were reproduced from Leggat (1982). The map for 1989 was reproduced from an unpublished
map on file with the Texas Water Commission. Comparison of Figures II-28 and II-31 of the RI
show that hydraulic heads have remained relatively constant in the eastern portion of Parker County.
This is indicative of near-steady state flow conditions in the portion of the Paluxy Aquifer that lies
west of the Tarrant-Parker county line.

In central Tarrant County, near the eastern edge of Figures 11-28 and II1-31 of the RI, water-table
elevations declined between 1955 and 1976 by nearly 100 feet in some areas. This large drawdown
was due mainly to a large cone of depression created by heavy pumping in the vicinity of the cities of
Euless (in eastern Tarrant County) and Dallas (in central Dallas County). This cone of depression is
easily recognized in Figure 31 of Leggat (1982).

Comparison of the contours shown in the 1976 and 1989 maps suggests that water-table elevations
increased over this 13 year period. However, this apparent increase is an artifact of the relatively
small number of data points used to prepare the 1989 map. Comparison of individual data points
common to both maps indicates that elevations have remained relatively constant or declined only
slightly within the area encompassed by Figure I1I-29 of the RI. Leggat (1982) speculated that water
levels would increase following the decline in production from the Paluxy Aquifer in the late 1960s.
The data have not confirmed this prediction, but water levels have remained relatively constant over
much of the area of interest (Figures II-29 and II-31 of the RI). This observation is consistent with
Plant 4 water-level data that includes three sets of continuous water-level monitoring data

(Figure 1-10, Figure 1-11, and Figure 1-12), and multiple sets of synoptic water-level measurement
data (Appendix D-1 of the RI).

It is important to note that the water-level elevation maps presented in Figures I1-28, 1I-29, and II-31
of the RI are based on relatively coarse distributions of data points that do not include data from the
immediate vicinity of Plant 4. Consequently, these maps do not illustrate the locally unique aspects
of the Paluxy Formation flow system that may be related to the White Settlement municipal supply
wells.

To assess the local nature of the Paluxy Aquifer ground-water flow in the vicinity of Plant 4, a fourth
contour map was prepared using water levels obtained from (1) field measurements in Plant 4
monitoring wells, (2) published reports of water-level data from nearby supply-wells (Nordstrom
1982), (3) unpublished reports of supply-well water-level data (Texas Water Commission, Ground
Water Data System), and (4) a regional-scale numerical simulation of ground-water flow in the Paluxy
Aquifer. The resulting site-scale contour map is shown in Figure 1-13. The domain and finite
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difference grid for the regional-scale model are shown in Figure 1I-30 of the RI. The outer limits of the
model domain correspond to the limits of the contour maps shown in Figures 11-28, 11-29, and II-31 of
the RI.

For most of the White Settlement municipal wells, three water levels were available over the 37 year
period from 1955 to 1991. Typically, each well had one value for the 1950s (or 1960s), one value for
the 1970s, and one value for 1991. However, these data were not included in the site-scale contour
map (Figure 1-13) for two reasons. First, water-level data for municipal wells WS-2 and WS-H3
indicated that significant declines had occurred during the 1980s, and that these declines have nearly
dewatered the aquifer. Continuous declines in water levels are not consistent with regional and site data
that indicate steady-state conditions, as described earlier. Additionally, it seems unlikely that the Paluxy
Aquifer could be dewatered by wells pumping only 39 and 45 gallons per minute (gpm).

Secondly, White Settlement well data were not used because 1991 water levels for two of the wells
indicated increasing aquifer head over recent years. In the absence of a regional increase in water levels
caused by a major change in pumping withdrawals, increasing water levels are not possible for two
isolated wells that have been in continuous, steady operation.

The problems associated with the White Settlement well data indicate that at least some of these water-
levels may not reflect actual aquifer conditions. Additional data for the 1980s might have resolved
some of these questions. Because the 1980s data could not be obtained from the city of White
Settlement, the impact of drawdown caused by the White Settlement wells was accounted for by using
the simulation results from the ground-water flow model.

The model results and field data presented in Figure 1-13 show that significant drawdown has occurred
in response to pumping from WS-2, WS-H3, and WS-12. This drawdown, combined with the
apparent effects of recharge from Lake Worth, produce flow directions that range from southerly on the
west side of the plant to southeasterly in the flightline area. It is clear from Figure 3.8.3-2 that wells
WS-12 and WS-H3 receive Paluxy Formation groundwater that has flowed beneath Plant 4.

Saturated thicknesses in the Paluxy Aquifer are shown in Table 1-12. With the exception of the
relatively small value at P-1, these data are consistent with the regional literature (Leggat 1957,
Peckham and others 1963, and Nordstrom 1982), which reports that the Paluxy Aquifer maintains a
relatively uniform thickness in the Tarrant County area, except where significant dewatering has
occurred.

To determine the horizontal hydraulic conductivity (K,) of the Paluxy Aquifer, slug tests were conducted
on the four new Paluxy Formation monitoring wells. Hydraulic conductivities estimated from the slug
tests are shown in Table 1-13. Vertical hydraulic conductivity (K,) was estimated via triaxial cell tests
on core samples obtained from the monitoring-well boreholes.

As shown in Table 1-13, the K, estimates are relatively uniform for the four wells. The minimum
value obtained at P-28U is not surprising since the upper portion of the Paluxy Aquifer is typically
characterized by a high proportion of low permeability rock (see Section 1.4.7). However, the
difference between the K, values for "U" and "M" wells is not as great as expected. This may be
explained in part by the fact that the well-screens for the two "U" wells were placed at depths
containing relatively clean sandstone (see Appendix D-1 of the RI).
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Table 1-12. Saturated Thickness of the Paluxy Formation at Locations
of Fully Penetrating Monitor Wells

Well Number | I Saturated Thickness (Feet)
P-1 19
P-3 168
P4 148
P24 155
P25 145
P26 143

Table 1-13. Hydraulic Conductivities (K,) Estimated from Slug Tests

Well Number » e S ‘:E‘i‘(:;':(cm/sec)' SR
P-27U 3.84E-03
P-28U 6.63E-04
P-29M 1.83E-03
P-30M 2.73E-03

Additional K, estimates from pumping tests conducted by Hargis + Associates (1985a) range from
4.7 x 107 to 2.7 x 10 cm/sec (Table 1-14). Values from both the Hargis + Associates pumping tests
and the Geotech slug tests are consistent with ranges published in the regional hydrogeologic literature.

The hydraulic conductivity corresponding to the logarithmic mean of the slug-test and pumping-test K,
estimates is 6.4 x 10° cm/sec (or 18.3 ft/d). Using 1 ft/340 ft to 1 ft/100 ft as a range for the average
hydraulic gradient in the Paluxy Formation (Figure 3.8.2-1) and 0.27 as the average effective porosity
(Advanced Terra Testing 1991; provided in Appendix P), the average linear velocity [v = K X dh/dl X
(1/n)] in the Paluxy Aquifer is likely to be within the range of 0.20 ft/d to 0.68 ft/d. In areas of clean,
high-permeability sandstone or large hydraulic gradients, such as near supply wells, average linear
velocities will be considerably higher than these estimates.

Vertical hydraulic conductivity estimates (K,) were obtained from laboratory triaxial cell tests on core
samples from wells P-27U, P-28U, and P-30M (Appendix P of the RI). The results, shown in
Table 1-15, indicate that K, is highly variable within the Paluxy Aquifer. Variable K, estimates were
expected, given the interbedded nature of the Paluxy Formation and the fact that the cores were taken
from intervals characterized by varied lithologies (Table 1-15).
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Table 1-14. Hydraulic Conductivities in the Paluxy Formation Aquifer Estimated
from Pumping Tests (Hargis + Associates 1985a)

: P“mP“lK ; Oi.nervnvm' ] ~Suurl19;l,zivi§, G “Transmised sivity | A""‘S‘ Hyd"‘ai‘ C",“d"di""i
Well EWell Thickness . fem— — .
(Screen Length) Drawdown Recovery N/day cm/sec
(Feet) N/day f/day
P-1 P-1 60 4011 3209 60.2 2.1 x 10?
P-2 P-2 40 1872 2273 51.8 1.8 x 10?
P-3 P-3 70 NA 1110 15.8 5.6 x 10°
P4 P4 50 1016 749 17.6 6.2 x 10°
P-SM P-6M 40 2139 1110 40.6 1.4 x 10?
P-6M P-SM 50 3209 989 42.0 1.5 x 10?
P-7M P-TM 40 NA 535 13.4 4.7 x 10°
P-8M P-9M 60 4278 4947 76.9 2.7 x 10?
P-9M P-9M 40 936 1110 25.6 9.0 x 10°
P-10M P-10M 30 334 575 15.2 5.4 x 10°

“NA Not Available

Table 1-15. Vertical Hydraulic Conductivity, K,, Determined from Laboratory Triaxial Cell
Tests on Core Samples Obtained from the Paluxy Formation Aquifer.

Well Number o l(,(cm/sec; ' Lithology of Cure.Sample B
P-27U 3.3E-10 Siltstone with some clay
P-28U 3.1E-09 Calcareous, fine-grain sand
P-30M 1.2E-05 Quartzose sandstone

The variability in X, illustrated by Table 1-15 is also evident in the results of pumping tests conducted
by Hargis + Associates (1985a). During a pumping test at the P-7 well pair, water was pumped from
P-7M while water levels were monitored in both P-7M and P-7U. The water level in P-7U, screened
above P-7M, showed a rapid and significant decline in response to the pumping from P-7M. This
result indicates that the vertical interval between P-7U and P-7M has a relatively high K, even though
the lithologic log for P-7M reports a 5-foot-thick sandy claystone between the screens of the two wells.
In similar tests at other well pairs, little or no response was observed in upper well completions during
pumping of the lower wells, indicating low K, values between the monitoring points. These results
provide further indication of the variability of K, in the Paluxy Aquifer. Further understanding of this
variability will be gained during the site-scale flow modeling.
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1.5 Nature and Extent of Contamination
1.5.1 Introduction

This section summarizes sampling and analysis activities that were conducted to characterize the extent
and nature of soil, surface water, tissue, and groundwater contamination associated with the
manufacturing operations at Plant 4. Preliminary Assessment/Site Inspection (PA/SI) investigations
were conducted at the Assembly Building/Parts Plant and at the underground storage tank sites, and RI
studies were conducted at the remaining sites in accordance with the Final Sampling and Analysis Plan
JSor the Preliminary Assessment/Site Inspection and Remedial Investigations/Feasibility Studies at Air
Force Plant No. 4 (UNC Geotech, Inc. 1990).

Results of sampling and analyses and discussions for the various media are presented in each subsection
in the following order: Section 1.5.2, "Field Quality Control for Soil and Water Samples;" Section
1.5.3, "Source Areas and Soil Contamination;" Section 1.5.4, "Sediment Contamination;"

Section 1.5.5, "Groundwater Contamination;" Section 1.5.6, "Surface Water Contamination;”

Section 1.5.7, "Ecological Contamination;" and Section 1.5.8, "Air Contamination.”

1.5.2 Field Quality Control For Soil and Water Samples

Field quality control was implemented to ensure that the samples collected for laboratory analyses
adequately represented the environmental media and that the quality of resulting data was maintained.
Sample collection, identification, custody, and shipments were performed in accordance with the
Plant 4 Final Sampling and Analysis Plan (SAP). Field quality control checks employed for the soils
investigation consisted of analyses of trip and field blanks, field duplicates, and liquids used to
decontaminate and rinse sampling equipment as specified in the SAP. Results of the field quality
control analyses for the soil and water samples are presented in Appendices E and F of the RI,
respectively. (See appendices for definitions of qualifiers that follow concentration values.)

1.5.2.1 Quality Control Samples
Trip Blanks

Trip blanks consist of samples of laboratory deionized water that accompany the environmental samples
through the entire sampling process. Trip blanks were analyzed for Volatile Organic Compounds
(VOCs) to detect potential contamination during shipment.

For the soil sampling, approximately two trip blanks were prepared for every sampling trip (10 days) at
the beginning of the campaign. The frequency was decreased to one trip blank for every sampling trip
toward the end of the sampling campaign. A total of 11 trip blanks were submitted with the
environmental soil samples. Acetone was detected at relatively low concentrations (5BJ, 11, and

10 pg/L) in three trip blanks associated with the soil sampling. Toluene and methylene chloride were
also detected at a relatively low concentration of 0.6) and 4J ug/L, respectively. No other VOCs were
detected. Appendix E of the RI summarizes the analytical results for the trip blanks associated with the
soil samples.
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A total of 18 trip blanks were prepared and submitted with each sample shipment during the water
sampling campaign. 2-Butanone, acetone, trichloroethylene (TCE), and methylene chloride were each
detected once at a relatively low concentration of 18, 12, 3, and 10 ug/L, respectively. No other
VOCs were detected in any of the samples.

Field Blanks

Field blanks are samples of deionized water that are prepared at the monitoring well sampling site and
are used to detect accidental or incidental contamination. These samples remain with the field samples
through the entire sampling and shipping process. Two field blanks were collected during the
groundwater monitoring campaign and analyzed for VOCs. No VOCs were detected in any of the field
blanks.

Appendix F of the RI summarizes the analytical results for the trip and field blanks associated with the
water sampling.

Decontamination Liquids and Equipment Blanks

One sample of tap water was collected directly from the domestic water supply source and analyzed for
VOCs, total petroleum hydrocarbons (TPH), and inorganics. This water source was used as the first
rinse in the decontamination process. The analytical results indicate the presence of
dibromochloromethane (5 ug/L), chloroform (7 ug/L), and bromodichloromethane (9 ug/L). TPH is
less than the detection limit (0.5 mg/L). No other VOCs were detected. Copper (14.7B ug/L), lead
(2.2B pg/L), and zinc (98.4 ug/L) are the only inorganics detected. These results are presented in both
Appendices E and F of the RI.

Methanol used in the decontamination procedure was submitted for volatile organic analyses.
2-Butanone was detected at a concentration of 10,000 ug/L. No other VOCs were detected. Results
of the VOC analyses on the methanol sample are presented in Appendices E and F of the RI.

Equipment blanks are samples collected after the last rinse with deionized water is passed over the
sampling apparatus after cleaning. This sample is used to check for residual contamination.
Appendices E and F of the RI summarize the results for all the equipment blank analyses associated
with the soil and water samples, respectively.

Tabulated in Appendix E of the RI are the VOCs and semi-VOCs that were detected in the equipment
blanks collected during the soil sampling activities. The VOCs detected are acetone, 2-butanone, TCE,
methylene chloride, chloroform, and toluene. Semi-VOCs detected are pyrene, nitrobenzene, and
bis(2-ethylhexyl)phthalate. Bis(2-ethylhexyl) phthalate, acetone, and nitrobenzene were also detected
in the laboratory method blank for some of these samples. In the case of nitrobenzene, all the reported
values above the detection limit in the soil equipment blanks and the soil samples are a result of the
laboratory inadvertently spiking the samples with the incorrect surrogate solution; nitrobenzene was
used instead of the deuterated nitrobenzene-D5. This error resulted in nitrobenzene being reported in
the equipment blanks at concentrations ranging from 45 to 60 ug/L and in soil samples at a level of
approximately 1,700 pg/kg. The first 93 samples analyzed are affected by this error.
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Equipment blanks were analyzed for TPH and oil and grease with neither detected (less than 0.5 mg/L)
in any of the samples. Eight priority-pollutant metals were detected in numerous equipment blank
samples. Most of the results (See Appendix E of the RI) are reported above the Instrument Detection
Limit (IDL) but less than the Contract Required Detection Limit (CRDL).

Tabulated in Appendix F of the RI are the VOCs and inorganic analytes detected in the equipment
blanks associated with the water samples. Acetone was detected in three samples at relatively low
concentrations of 11J, 6], and 13 ug/L. TCE was also detected in two samples at relatively low
concentrations of 11 and 5J ug/L. Chloroform and 2-butanone were each detected once at 14 and

9BJ ug/L, respectively. No other VOCs were detected. Cadmium, copper, lead, and zinc are the only
inorganic constituents detected in the water sample equipment blanks. In most cases, the results are
reported above the IDL but less than the CRDL.

Equipment blanks associated with the water sampling were also analyzed for semi-VOCs, TPH, and oil
and grease; none were detected in any of the samples.

Field Duplicate

A field duplicate (split) sample was used to evaluate the overall precision of the sampling process and
to a lesser extent the laboratory analytical variability. Approximately 10 percent of the environmental
samples were collected as field duplicates. Duplicate soil and water sample results are summarized in
Appendices E and F of the RI, respectively.

The precision is evaluated by the relative standard deviation (RSD), calculated as the standard deviation
divided by the mean, then multiplied by 100, for each paired sample having values greater than the
Contract Required Quantitation Limit (CRQL) (for organics) or the CRDL (for inorganics). Only those
instances where both paired values are greater than the CRQL or CRDL are considered appropriate for
calculating the RSD because the CRQL or CRDL is the minimum concentration that is quantitatively
meaningful.

An RSD of 30 percent or less is generally considered an acceptable level of precision for field duplicate
water samples. Duplicate soil samples are collected after the homogenization step at the site and
typically have higher variability than water samples because of the difficulty in collecting an identical
homogenized soil sample. An RSD of 50 percent for a soil sample is not unexpected.

The average RSDs for soil samples, summarized in Table 1-16, indicate acceptable precision for each
type of analysis. In all cases, except for oil and grease, the average RSD is less than 30 percent. The
average RSD for oil and grease is less than 50 percent.

The average RSDs for water samples, summarized in Table 1-17, indicate acceptable precision for
VOCs and priority pollutant metals. The average RSD for these analyses is less than 30 percent.
RSDs could not be calculated for the remaining analytes because all results between the paired samples
are less than the CRQL.
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Table 1-16. Average RSD for Soil Sample Analyses Above the CRQL/CRDL S

Analysis Number of Sample Pairs Average RSD (%)
Semi-VOCs 10 17.4
VOCs 28 29.2
Oil and Grease 4 38.4
Total Petroleum Hydrocarbons 6 24.6
Priority-Pollutant Metals 130 16.6

In addition to the field duplicate samples internal to the investigation, 20 samples were also split with
EPA Region VI including seven soil samples, two sediment samples, two surface water samples, and
nine groundwater samples. These split samples were typically analyzed for Target Compound List
(TCL) Volatile Organic Acid (VOAs), TCL Base Neutral Acid (BNAs), and Target Analyte List
(TAL) inorganics. Sample results reported by EPA Region VI are consistent with those reported by
Geotech for all but four analytes in three samples. Appendix S of the RI contains the data reported by
EPA Region VI along with a discussion of the data presented and the discrepancies noted.

Table 1-17. Average RSD for Water Sample Analyses Above the CRQL/CRDL

Analysis N I » Number of Sample Pairs “Average RSD (9‘) ‘ “
Semi-VOCs NA NA
VOCs 28 11.9
Oil and Grease NA NA
Total Petroleum Hydrocarbons NA NA
Priority-Pollutant Metals 35 15.4
1.5.3 Source Areas and Soil Contamination

In some cases, several sites with associated contamination were combined into the same subsection.
Each subsection contains a discussion of previous investigations and if applicable, previous data have
been used to assist in the interpretation of the Geotech results. For ease of presentation and
interpretation of results, the minimum concentration, maximum concentration, and the number of soil
samples analyzed are tabulated in each subsection. Soil samples were analyzed for VOCs, semi-VOCs,
TPH, and inorganic constituents.
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The number of sample analyses above the CRQL are also tabulated for VOC, TPH, and semi-VOC
results. The CRQL represents the minimum concentration at which a measurement becomes
quantitatively meaningful. Values above this limit are typically indicators of environmental
contamination.

Similarly for the inorganic results, the number of sample analyses above the upper limit of natural
background concentration of metals in soils from the western United States are tabulated in each
subsection. The range in natural background concentrations in the western United States for the

12 priority-pollutant metals are presented in Table 1-18. At two Plant 4 locations soil samples were
collected in areas that were not suspected to be associated with contamination. These results are
presented in Table 1-18 for comparison with the range in natural background for the western United
States. Also summarized in Table 1-18 are the number of samples analyzed at Plant 4 that exceed the
upper limit of natural background for the western United States. Values greater than the upper limit of
natural background are typically indicators of environmental contamination and are discussed separately
in subsections 1.5.3.1 to 1.5.3.16.

1.5.3.1 Assembly Building/Parts Plant
Summary of Investigations

Previous Investigations: Past spills of TCE have reportedly occurred within the Chemical Process
Facility (Building 181) of the Assembly Building/Parts Plant. Trenches, sumps, floor drains, and buried
pipelines are also present throughout the manufacturing facility. These are all potential source areas for
soil contamination resulting from spills and leaks. Widespread TCE contamination in the groundwater
was identified by previous investigators in the area east of the Assembly Building/Parts Plant; however,
chemical analyses of soil samples in this area is limited.

Seventy-eight test holes were drilled at Plant 4 between 1942 and 1967 to investigate the subsurface
conditions of foundations for proposed building sites. In 1942 and 1952, the Austin Company drilled
test holes AC-1to AC-18 and in 1964 and 1967 Southwestern Laboratories Inc. drilled test holes SL-1
to SL-47. GD drilled test holes GDC-1 to GDC-13 in 1982. The 78 test holes range in depth from 10
to 113 feet with many of the test holes located in the area of the Assembly Building/Parts Plant and in
the East Parking Lot area. These test holes provided soil types and depth to the underlying Walnut
Formation.

Numerous upper zone monitoring wells (HM-31,-47, -48, -52, -53, -55 thru -59, -64, -69, -70) and
Paluxy monitoring wells (P-5, -6, -9) were installed by Hargis + Associates (1985a) to define the
lateral and vertical extent of groundwater contamination in the area surrounding the Assembly
Building/Parts Plant (Plate 3). Soil sampling and chemical analysis were not reported for the above
monitoring well borings.

The U.S. Army Corps of Engineers drilled Paluxy monitoring well P-12 along the south side of General
Warehouse Building No. 188 (Plate 3). Analysis of groundwater samples detected the presence of
1,1,1-trichloroethane (TCA) and oil and grease. No soil contamination was reported.

Two monitoring wells, F-218 and F-219 (Plate 1), were installed by Intellus at the south end of the east
side of the Assembly Building. These wells were drilled to confirm the presence of Chrome Pit No. 1.
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Table 1-18. Concentration Range of Priority Pollutant Metals in Background Soils

of the Western United States

Measured Range in Background Measured Number of Number of
Conceatration Soils of Concentration Samples Samples Above
Metal Range at Western USA Range at Analyzed at Upper
Plant 4 (mg/kg)® Plant 4 Plant 4 Background
Background (mg/kg) Range for
Locations Western
{mg/kg)" Usa*
Antimony (12.3)¢ 0.1-2.2 8.0)-771.5 407 14
Arsenic 3-44 14-21.6 (0.6) - 21.7 407 1
Beryllium 0.56B - 0.84B° 0.1 -3.6 ©.21)-1.5 407 0
Cadmium (a.n-24 NAf-2.8¢ (0.8) - 594 407 29
Chromium 106 -16.2 8.5 -196.6 1.5B-3,170 407 9
Copper 3.1B-6.9 4.9 -90.0 1.3B - 8,060 407 19
Lead 10.9 - 18.5 52-55.1 0.87 - 10,400 407 37
Nickel 11.2-19.8 3.4-66.2 3.5) - 458 407 11
Selenium (0.46) 0.04-14 0.4)-0.61B 407 0
Silver (0.68) NA- 1.4 0.64) - 44.3 407 18
Thallium (0.42) - 0.46B (50) - 0.8 (0.4) - 0.68B 407 0
Zinc 20.2 -46.5 17.2-176.2 2.7B - 17,400 407 26

Notes: * Background locations are BG-001 and BG-002; two samples were collected at each location.

Based on the geometric mean and the geometric deviation from Shacklette and Boerngen (1984). Mean divided by two

deviations (M/D?) = lower range; mean multiplied by two deviations (M x D?) = upper range. About 95 percent of the

samples in a randomly selected suite should fall between the lower and upper range.

The number of samples greater than the instrument detection limit (IDL) that exceed the upper background range. The IDL

represents the lowest concentration that can be reliably distinguished from the background noise of the instrument.

Value in parentheses indicate the metal was not detected at the reported IDL.

* B indicates the value is greater than the IDL but less than the Contract Required Detection Limit (CRDL).

T Not Available.

¢ The upper background range for cadmium is estimated at 2.8 which is based on twice the observed mean for the four Plant 4

background samples.

The upper background range for silver is estimated at 1.4 which is based on twice the IDL observed for the four Plant 4

background samples.

i The upper background range for thallium is estimated at 0.8 which is based on twice the IDL observed for the four Plant 4
background samples.

Soil samples were collected above the saturated zone from both well borings and analyzed for VOCs,
total petroleum hydrocarbon, and various metals. The laboratory analyses did not detect any VOCs or
hydrocarbons. Inorganic concentrations were found to be within the background range for metals in the

United States (Intellus 1986b). Evaluation of data from F-218 and F-219 did not confirm the presence of
Chrome Pit No. 1.
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Intellus also drilled two shallow soil borings above the saturated zone (FB-5 and FB-6) at the southwest
corner of the Process Building No. 181 in the reported vicinity of Chrome Pit No. 2 (Plate 3).
Laboratory analysis did not detect any VOCs and the level of metals present were within the mean range
typical for native soils (Intellus 1986b).

In 1986, Radian installed monitoring well HM-103 east of Chrome Pit No. 1 at the northeast corner of
Building 188 (Plate 3). Soil samples collected from the saturated zone were analyzed for VOCs and
inorganics; results indicate the presence of TCE at 65 and 170 ug/kg. Chromium concentrations were
within the range of typical background values for soil. Radian also drilled monitoring well HM-104 at
the southwest corner of Building 188. Soil samples from HM-104 were not submitted for chemical
analysis.

From 1987 to 1989, Hargis + Associates drilled a number of Paluxy wells in the area of the Assembly
Building/Parts Plant. No sample collections or analyses were reported.

Current Investigation: Previous investigations have concentrated on obtaining groundwater quality data
or geotechnical information for the design of building foundations, therefore, the availability of chemical
analyses of soil samples in historical data is limited. The main objectives of the PA/SI soil investigation
at the Assembly Building/Parts Plant are to identify potential contaminated source areas present in the
vadose zone that may have resulted from past manufacturing activities, to obtain chemical information on
the nature of the contamination, and to delineate the extent of migration and environmental impact on
subsurface soils.

Soil-gas measurements were collected approximately every 200 feet around the entire perimeter of the
Assembly Building/Parts Plant to provide screening information on the nature of VOCs that may be
present in the soils. Specific areas of potential contamination were then further investigated by drilling
35 soil borings and obtaining soil samples from the vadose zone and the saturated zone for chemical
analyses. In some cases, the borings were completed as monitoring wells (see Section 1.5.5).

Section 1.5.3.1 discuss the results of the soil-gas surveys and soil sampling, respectively.

Results of Assembly Building/Parts Plant Perimeter Soil-Gas Survey

The objective of the soil-gas survey in this area was to search for potential source areas of VOCs that
would be indicative of environmental contamination associated with the manufacturing operations.
Samples were collected on sorbent tubes approximately every 200 feet around the perimeter of the
Assembly Building/Parts Plant and analyzed by the Geotech Analytical Laboratory for the TCL VOCs by
EPA Method 8240. Samples were collected from a nominal depth of 4-feet-below ground level.

Limitations of the soil-gas measurements are dependent on the chemical and physical properties of the
organic compounds, vadose zone characteristics, hydrogeologic parameters, meteorological conditions,
and analytical instrumentation. Interpretation of the soil gas results are, therefore, considered qualitative.

Analytical results indicate that relatively low concentrations (nanograms per liter) of TCE,
tetrachloroethene (PCE), and 1,1,1-TCA and various petroleum-related hydrocarbons (micrograms per
liter) are present in the soil gas. Concentrations for the chlorinated compounds are summarized in
Table 1-19 and posted in Figure 1-14. Dashed lines are subjectively drawn around the relatively higher
concentrations to delineate anomalies that may be indicative of soil contamination. The patterns revealed
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by the anomalies suggest two possible source areas for the solvents. One area is located at the south end
of the Assembly Building/Parts Plant, just east of Building 12. TCE, PCE, and TCA are associated with
this anomalous area. The other possible source area appears to be located near the center of the
Assembly Building/Parts Plant, between Building 88 and Building 6. Anomalous concentrations of TCE,
PCE, and TCA appear to originate near location SG-14 and SG-16 (see Figure 1-14).

Table 1-19. Summary of Total Petroleum Hydrocarbons and Chlorinated Solvents Measured
in Soil-Gas Around the Perimeter of the Assembly Building

Parameter TPH PCE ' TCE 1,L,1-TCA
(ua/L) (og/L) (ag/L) g |
Minimum (0.003) 2.5 2.5) @2.5) -W
Maximum 1,554 2,800 6,400 54
Total No. Analyses 55 .55 55 55
No. Above Detection 53 20 26 33

Note: *Concentration in parentheses indicates the compound was not detected at the reported value.

Slightly elevated concentrations of petroleum-related hydrocarbons, including the aromatic compounds
benzene, toluene, ethylbenzene, and xylene (BTEX) and relatively heavier molecular weight compounds
such as naphthalene, cyclohexane, 4-methylnonane, methylcyclohexane, decane, pentane, and
1-ethyl-2-methylbenzene were also detected in the soil gas. Results of the measurements are
summarized as TPH in Table 1-19 and plotted in Figure 1-15. These values represent the sum of all
petroleum-related hydrocarbons that were detected by the Gas Chromatograph/Mass Spectrophotometer
(GC/MS) measurement and include estimated and tentatively identified compounds.

The dashed lines in Figure 1-15 were subjectively drawn around values greater than 300 ug/L to map
areas having relatively high TPH concentrations. Two anomalous areas are revealed by these maps.
The first TPH anomaly coincides with the southern-most solvent anomaly (see Figure 1-14). The
highest value associated with this anomaly, 1,118 ug/L TPH, is located at SG-45. This location is east
of a 1,000,000-gallon fuel oil tank, suggesting leaking underground fuel lines are a possible source.
Underground storage tanks (USTs) 19 and 20 are also located close to this anomaly, however, they are
not considered a possible source because historically they did not contain fuel oil.

The second TPH anomaly occurs at the north end of the Assembly Building/Parts Plant, just east of
Building 95 and Building 176. This anomaly does not appear to be associated with a solvent source.
The highest TPH value in this anomalous area, 1,554 ug/L, was measured at location SG-30. This
location is east of abandoned underground JP-4 fuel lines that may be a possible source for this anomaly.
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Results of Assembly Building/Parts Plant Borehole Soil Sampling

Soil borings were drilled at 35 selected locations to confirm the anomalous chlorinated hydrocarbons and
to further evaluate the extent of the petroleum-related hydrocarbons that were detected in the soil gas.
The borings were drilled with a truck-mounted, hollow-stem auger rig, from the ground surface to the
top of the water table or until bedrock was encountered. Unconsolidated material was collected in
3-inch by 24-inch stainless steel-split barrel samplers for the entire borehole. Borehole lithology and
sampling intervals are summarized in Appendix A-2 of the RI. Samples were composited from each
5-foot interval and analyzed for semi-VOCs, TPH, and inorganics. From each 5-foot interval,

one grab sample was collected for VOC analyses. Appendix E of the RI presents a summary of the
analytical data.

YOC and TPH Soil Sample Analyses: VOC and TPH analytical results for the soil samples are
summarized in Table 1-20. The only VOCs reported above the CRQL that are associated with the
samples are TCE and dichloroethene (DCE). Acetone and 2-butanone were also detected, but because
these compounds occur randomly and are common laboratory contaminants (EPA 1988), they are
probably not associated with the environmental samples. In addition, a relatively high concentration of
2-butanone (10,000 ug/L) was detected in the methanol used to decontaminate the sampling equipment
(see Section 1.5.2).

Table 1-20. Summary of VOC and TPH Analytical Results for Soil Samples Obtained
from the Assembly Building/Parts Plant

Cis-1,2-Dichloroethene ®) 30 24 3
1,2-Dichloroethene (total) ) 46 112 2
Trichloroethene o) 220 136 26
Acetone (10) 160 136 19
2-Butanone (10) 180 136 18
Total Petroleum Hydrocarbons (19 1741 98 12
mg/kg mg/kg
Notes: 1) Concentration in parentheses indicates the compound was not detected at the reported value.

2) Minimum and Maximum are based on all values above the CRQL and those qualified U, D, or E.
3) Trichloroethene was identified in the risk assessment as a chemical of concern.

Posted by each borehole location shown in Figure 1-16 are the results of the VOC and TPH analyses
(excluding acetone and 2-butanone). Boreholes SB-035 and SB-036 were drilled to test the soils for the
presence of petroleum-related compounds that were delineated by the soil-gas anomaly at the north end
of the Assembly Building/Parts Plant. These borings were terminated in bedrock and the saturated zone,
respectively. Contamination was not detected in any of the samples.
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Boreholes SB-034, -037, -038, -039, -042, -043, -044, and -116 were drilled to test the soils for the
presence of TCE, PCE, and TCA, which were identified by the soil-gas anomaly located near the center
of the Assembly Building/Parts Plant, between Building 88 and Building 6. The only chlorinated solvent
detected in soil samples collected from these boreholes is PCE, at a concentration of 5J ug/kg (see
Figure 1-16). Although this value is qualified as an estimated quantity (J) and, therefore, not listed in
Table 1-21, the soil sample location (SB-038) coincides with the location where the highest PCE value
was detected in soil gas (SG-14, Figure 1-14). No other VOCs were detected in any soil sample from
these boreholes.

Relatively low concentrations of TPH, 21 and 25 mg/kg, were detected in SB-038. TPH was also
detected in SB-039, -044, and -116. This contamination is associated with leaking underground fuel
lines in the area designated as Fuel Saturated Area No. 1 (FSA-1). For ease of presentation, TPH results
associated with these three boreholes are discussed with results of the soil sampling conducted

at FSA-1 (See Section 1.5.3.11).

SB-046, -047, -048, and -049 were drilled east of Building 12 in a north to south line, respectively,
where numerous above ground solvent tanks are present. These four borings penetrated approximately 10
to 15 feet of unconsolidated material before terminating in bedrock. Groundwater was not encountered in
any of these borings. Contamination was not detected in any soil sample obtained from the north boring
(SB-046) or from the south boring (SB-049). Relatively low concentrations of TCE and 1,2-DCE
(total), ranging from 8 to 52 ug/kg and 6 to 46 ug/kg, respectively, were detected in soil samples
obtained from SB-047 and -048. Since saturated soils were not encountered, soil contamination occurs
only in the vadose zone and appears to decrease with depth, which suggests the source is related to
surface spills and/or to shallow underground solvent tanks and associated piping. The area of vadose
zone contamination, shown in Figure 1-16, is approximately 100-feet wide and 400-feet long. Assuming
five feet as an average depth of contamination, approximately 7,400 cubic yards of soil may be impacted.

Table 1-21. Summary of Semi-VOC Results for Soil Samples Obtained
from the Assembly Building/Parts Plant

bis(2-ethylhexyl)phthalate (690) 3,900 137 28
Pyrene 690) ’ 2,200 137 2
Benzo(g,h,i)pyrene (690) 1,000 137 1
Indeno(1,2,3-cd)pyrene (690) 890 137 1
Benzo(b)fluoranthene (690) 1,300 137 1
Fluoranthene (690) 1,700 137 2
Benzo(k)fluoranthene (690) 1,400 137 1
Chrysene (690) 1,400 137 2
Phenanthrene (690 1,000 137 1

Notes: 1) Concentration in parentheses indicates the compound was not detected at the reported value.

2) Minimum and Maximum are based on all values above the CRQL and those qualified U, D, or E.
3) Pyrene and fluoranthene were identified in the risk assessment as chemicals of concern.
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Results of previous investigations, as well as the soil-gas survey (See Section 1.5.3.1), and the presence
of TCE and TPH within the unsaturated zone between the 10- and 20-foot interval at SB-110 suggest soil
contamination is much more extensive than the area of vadose zone contamination outlined in

Figure 1-16. In fact, much of the data indicate that extensive TCE contamination may extend under most
of the south end of the Assembly Building/Parts Plant. To test the soils under the facility, SB-152, -153,
and -154 were drilled through the concrete floor slab in low traffic areas to minimize impact on daily
plant operations. In all three boreholes, TCE was encountered in the saturated soils before terminating in
the underlying Walnut Formation; however, TCE contamination was not encountered in any soil sample
obtained above the saturated zone. This suggests that soil contamination in the vadose zone is not
widespread beneath this portion of the facility but still may occur in localized areas as the result of
downward migrating contaminants in the unsaturated zone immediately below potential sources such as
underground solvent piping, drains, and degreasing tanks. Soil boring SB-110 indicated the presence of
TCE and TPH within the unsaturated zone between the 10- to 20-foot depth interval. The greatest
potential for isolated source areas is associated with the numerous acid, solvent, and degreasing tanks
located within Chemical Process Building 181. Some larger possible sources are shown in Figure 1-17.

Previous investigations have shown that TCE contamination in the alluvial groundwater system occurs
east of the Assembly Building/Parts Plant and is controlled by an east-northeast trending paleochannel.
Unconsolidated sediments within the paleochannel were tested to determine the vertical and horizontal
extent of contamination in the vadose and saturated zones. Soil contamination occurs mostly within the
saturated zone of the paleochannel, as evidenced by the vertical distribution of TCE measured in
boreholes SB-152, -153, -154, -053, and -143 (Figure 1-16). Cis-1,2-DCE, detected in SB-147, is the
only other organic compound detected.

Control on the southern extent of soil contamination is provided by boreholes SB-151, -045, -052, -139,
-155, and -145. Contamination was not detected in any of these borings except for an isolated
occurrence at SB-155 where relatively low values of 27 mg/kg TPH and 4.7 mg/kg oil and grease were
detected and at SB-151 where 65 mg/kg oil and grease were detected. The relatively low levels of TPH
and oil and grease are isolated occurrences and are not related to the extent of TCE soil contamination
associated with the alluvial groundwater system that flows within a paleochannel east of the Assembly
Building. SB-151 and SB-155 established as background locations adjacent to Clifford Avenue, are
relatively shallow in depth, and the TPH/oil and grease are most likely related to the asphalt avenue and
vehicular traffic.

Control of the northern boundary of contamination is provided by boreholes SB-054 to -056, -142, and
-146. The lateral extent of the saturated zone soil contamination shown in Figure 1-16 coincides in
rough outline to the width and axis of the paleochannel (see Section 1.5.5).

Semi-VOC Soil Sample Analyses: A summary of the semi-VOC results is presented in Table 1-21.
Bis(2-ethylhexyl)phthalate was reported above the CRQL for numerous cases, however, phthalates are
common laboratory contaminants and most likely are not associated with the environmental samples
(EPA 1988). This is supported by the duplicate analyses of the sample obtained at 15 to 20 feet from
SB-039 that resulted in values of 2,200 and 210J pug/kg. This high variability (an order of magnitude
difference) suggests laboratory contamination. Similar poor reproducibility is observed in duplicate
samples collected at SB-036 and -046. Other boreholes where bis(2-ethylhexyl)phthalate was reported
above the CRQL are SB-034, -035, -049, -116, -143, -152, -153, and -154.
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Several other semi-VOCs such as pyrene, fluoranthene, phenanthrene, and chrysene were reported once
or twice above the CRQL. This group of compounds is typically associated with coal tar and crude oil.
Because these compounds were detected only in the shallow 0- to 5-foot samples obtained from SB-035
and -055, they are probably the result of very small pieces of asphalt pavement incorporated in the
sample and do not indicate contamination associated with manufacturing operations. In either case, they
do not represent a significant environmental contaminant.

Semi-VOCs 1,3-dichlorobenzene, pentachlorophenol, and N-nitrosodi-N-propylamine were not detected
above the CRQL but were reported as estimated quantities (qualified "J") in three instances (SB-036,
-039, and -046). These compounds are typically associated with insecticides, pesticides, and herbicides.
The isolated and limited occurrence of these compounds, combined with the fact that duplicate samples
do not confirm their presence, suggest they are not associated with environmental contamination. This is
evidenced by the duplicate analyses obtained at SB-039 and -036. In the first case, pentachlorophenol
was not detected in the first sample, but the duplicate analysis was reported at 860J ug/kg. Similarly for
the second case, N-nitrosodi-N-propylamine was not detected in the first sample, but the duplicate
analyses was reported at 94] ug/kg.

Inorganic Soil Sample Analyses: Results of the soil samples analyzed for priority-pollutant metals,
summarized in Table 1-22, indicate four analytes were detected above the upper limit of natural
background concentrations. Silver and lead were detected once above the upper limit of natural
background at SB-155 and -034, respectively. Cadmium was detected three times (SB-034, -155,
-137) and antimony was detected four times above natural background concentrations (twice at SB-044
and once at -049 and -116). The silver value and all the antimony values above natural background are
greater than the IDL but less than the CRDL. In all nine cases the values are very close to the IDL or
slightly above the upper limit of natural background. The values also appear isolated and occur
randomly, suggesting they are elevated due to natural processes.

All values above the IDL for the remaining analytes are within the range expected for natural
background concentrations.

Conclusions

Just east of Building 12, four boreholes (SB-046, -047, -048, and -049) were drilled in a north to south -
line, respectively, where numerous above-ground solvent tanks are present. These four borings
penetrated approximately 10 to 15 feet of unconsolidated material before terminating in bedrock.
Groundwater was not encountered in any of these borings. Relatively low concentrations of TCE and
1,2-DCE (total), ranging from 8 to 52 pg/kg and 6 to 46 ug/kg, respectively, were detected only in the
two center borings. In this area, soil contamination occurs only in the vadose zone, since saturated soils
were not encountered, and decreases with depth which suggests the source is related to surface spills
and/or to shallow underground solvent tanks and associated piping (Figure 1-16).

Relatively low concentrations of TCE (7 to 220 pg/kg) occur in saturated soils under most of the south
end of the Assembly Building and extend east at least as far as Runway Number 130 North

(Figure 1-16). The extent of TCE migration in the saturated soils coincides in rough outline to the
width and axis of an east-northeast trending paleochannel. Cis-1,2-DCE ranging from 16 to 30 pug/kg,

DOE/Grand Junction Projects Office Feasibility Study Report
September 1995 Page 1-64



261088

Table 1-22. Summary of Inorganic Sample Analyses for Soil Samples Obtained

from the Assembly Building/Parts Plant

No. Above
Minimum Maximum Upper No. of Samples Natural
Analyte mg/kg mg/kg Background Analyzed Background
Limit (mg/kg) for Western
USA
Antimony 8.9) 11.1B 2.2 135 4 I

Arsenic (0.64) 10.7 21.6 135 0
Beryllium 0.21) 1.4 3.6 135 0
Cadmium 0.84) 4.6 2.8 135 3
Chromium 1.6B 29.2B 196.6 135 0
Copper 13B 55.1 90.0 135 0
Lead 0.87 100 55.1 135 1
Nickel 3.5 354 66.2 135 0
Selenium 0.42) 4.9 1.4 135 0
Silver (0.64) 1.6B 1.4 135 1
Thallium 0.42) 0.68B 0.8 135 0
Zinc 4.5 111 176.2 135 0

Notes: 1) Concentration in parentheses indicates the compound was not detected at the reported value.

2) B qualifier indicates the analyte was detected above the IDL but less than the CRDL.
3) Cadmium, chromium, copper, nickel, and zinc have been identified in the risk assessment as chemicals of concern.

was detected in SB-147. This soil boring, located near the center of the paleochannel, is also the
location where the highest TCE concentration (220 ug/kg) was measured. No other VOCs were detected
in the paleochannel.

Several semi-VOCs, such as pyrene, fluoranthene, phenanthrene, and chrysene were reported once or
twice at levels slightly above the CRQL. This group of compounds, typically associated with coal tar
and crude oil, is believed to be the result of small pieces of asphalt pavement incorporated in the sample
and is not indicative of environmental contamination due to manufacturing operations.

TPH was detected in two soil borings at relatively low concentrations (27 and 29 pg/kg) at the south end
of the Assembly Building/ Parts Plant. TPH was also detected in several borings located east of
Building 14 (Figure 1-16). Results associated with these borings are presented in Section 1.5.3.11
(FSA-1).

All 135 samples analyzed for priority-pollutant metals were less than the upper limit of natural
background soil concentrations with the following nine exceptions: silver (one sample), antimony

(four samples), lead (one sample), and cadmium (three samples). However, for all nine exceptions, the
values are very close to the IDL or slightly above the upper limit of natural background. In addition,
occurrence of these values is isolated and random suggesting they are elevated due to natural processes.
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1.5.3.2 Underground Storage Tanks (USTs) (removed)

Summary of Investigations

Previous Investigations: Prior to December 22, 1988, the effective date of Federal Subtitle I
regulations, 14 USTs were removed at Plant 4. A total of 12 tanks contained petroleum products and
two contained hazardous substances (Hargis + Associates 1989a). Following removal of the tanks,
analyses of soil samples collected from the excavations indicated that 6 of the tank locations (Tank Nos.
19, 20, 24A, 24B, 25A, and 30) have contaminants present in the soil. No further remedial action was
performed. After removal of the tanks, the excavations were backfilled and paved.

Tanks 19 and 20 will be discussed in conjunction with FSA-1, UST-30 with FSA-3, and UST-25A with
the Jet Engine Test Stand JETS). Tanks 24A and 24B will be discussed in this section. Locations of
the removed USTs 24A and 24B are shown in Figure 1-18.

Tanks 24A and 24B were reported to contain gasoline, and each had a capacity of 8,000 gallons.
Contaminants found in the soils during excavation and their maximum reported concentrations include
1,1,1-TCE (8 png/kg), trans-1,2-DCE (15 ug/kg), PCE (270 pg/kg), ethylbenzene (11 pg/kg),
methylene chloride (11 ug/kg), toluene (67 ug/kg), TCE (8 pug/kg), and total xylenes (160 ug/kg)
(Hargis + Associates 1989a).

Current Investigation: Previous sampling at the former site of Tanks 24A and 24B was insufficient to
determine the potential levels and extent of contamination associated with leaks and spills from the tanks.
The tank area was evaluated as a potential source for groundwater contamination of the upper zone.
Although preliminary sampling has shown that contamination exists, no attempt was made to characterize
the extent of contamination prior to backfilling, grading, and paving. This site may have been a
significant source of contamination to the soils and groundwater over the years.

As shown in Figure 1-18, three soil borings (SB-127, -128, and -130) were placed around the
perimeter of the former UST location where contamination was reported. One of the soil borings
(SB-129) was placed between the former locations of the two tanks. Water was encountered in SB-129
and -130. Soil samples were collected from S-foot intervals with samples for VOCs collected as grab
samples and the remaining samples collected as composites of the entire 5-foot interval. Composite soil
samples were analyzed for semi-VOCs and petroleum hydrocarbons. Ten percent of the composite
samples were also analyzed for metals. Lithology logs were completed as soil borings were drilled to
determine the depth of excavation and to note any visible contamination.

Summary of Soils

The four soil borings were drilled to total depths ranging from 5.9 feet to 16 feet. The entire area
surrounding the former UST site is covered with up to 1.5 feet of concrete, which is underlain by

0.5 foot to 2 feet of fine sand. The remainder of material encountered in the boreholes consists of clay
and silty clay with the amount of gravel increasing with depth. It is likely that the unconsolidated
material that was penetrated is fill material put in place during excavation of the USTs and construction
of adjacent Building 12. Detailed lithology for the four borings may be found on the borehole logsheets
included in Appendix A-2 of the RI. Groundwater was encountered at a depth of 9.5 feet in SB-130.
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Results of the Investigation

Total petroleum hydrocarbons were detected in all four boreholes with a maximum concentration of

76 mg/kg found in the shallow (2 to 5.5 feet) interval of SB-127 (see Table 1-23 and the Appendix E of
the RI). TPH was present in the top five feet of each borehole with the exception of SB-129 where the
sample intervals from 5 to 15 feet are contaminated with hydrocarbons. The areal extent of TPH
contamination is shown in Figure 1-18. There were no significant concentrations of VOCs or semi-
VOCs detected at the site that may be correlated with the TPH. PCE was detected at a concentration of
9 pg/kg in the 5- to 10-feet interval of SB-129. 2-Butanone is a common laboratory contaminant and
was found in other laboratory blanks.

Table 1-23. Summary of VOC and TPH Analytical Results for Soil Samples Obtained
from USTs 24A & 24B

Analyte

Tetrachloroethene ©) 9
2-Butanone 12 160
(10) 76
Total Petroleum Hydrocarbons me/kg mg/kg

Notes: 1) Concentration in parentheses indicates the compound was not detected at the reported value.
2) Minimum and Maximum are based on all values above the CRQL and those qualified U, D, or E.

Conclusions

Total petroleum hydrocarbons were found in samples from all four boreholes and are considered to be
the only significant contaminant present at the former UST site. The total volume of TPH-contaminated
soil in the vadose zone was calculated by using the area of extent (Figure 1-18) and the thickness
(sample interval) of contamination. Based on the sampling and analyses, approximately 240 cubic yards
of soil is estimated to be contaminated with hydrocarbons.

Concentration levels of metals were within the range for background soils of the western United States as
shown in Table 1-24.

1.5.3.3 Landfill No. 1
Site History
From 1942 to approximately 1966, several types of hazardous and nonhazardous wastes were disposed in

Landfill No. 1, which is located west of Facilities Building 14. This site encompasses about six acres
and is presently the site of the West Parking Lot (Plate 1).
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Table 1-24. Summary of Inorganic Sample Analyses for Soil Samples Obtained
from USTs 24A and 24B

Upper . No.”A‘bove
Analyte Minimum Maximum Background No. of Samples Natural

mg/kg mg/kg Limit (mg/kg) Analyzed Background
Antimony ) 9.8) 2.2 3 0
Arsenic 1.1B 2.4B 21.6 3 0
Beryllium 0.22) 0.87B 3.6 3 0
Cadmium 0.9) 1.8 2.8 3 0
Chromium 3.1 15 196.6 3 0
Copper 2.1B 6.7 90.0 3 0
Lead 4 8.1 55.1 3 0
Nickel 5.6) 6.1 66.2 3 ()}
Selenium (0.45) (0.49) 1.4 3 0
Silver 0.9) (0.98) 1.4 3 0
Thallium (0.45) (0.45) 0.8 3 0
Zinc 4.9 23.3 176.2 3 0

Notes: 1) Concentration in parentheses indicates the compound was not detected at the reported value.
2) B qualifier indicates the analyte was detected above the IDL but less than the CRDL.
3) Cadmium, chromium, copper, nickel, and zinc were identified in the risk assessment as chemicals of concern.

The majority of the waste disposed at Landfill No. 1 consisted of general refuse, rubble, plaster, lumber,
and fill dirt. Potentially hazardous wastes were also disposed in the landfill. These included drums of
unspecified liquid wastes, solvents, paint thinners, and paint wastes from tank trucks, all of which were
dumped in shallow pits. Oils and fuels were also dumped in pits and subsequently burned. Aerial
photographs show that at least five separate pits were located within the landfill. Sludge from these pits
was periodically dredged out and deposited in the landfill area (Radian 1987). Other suspected wastes
include mercury and magnesium wastes, chromate sludges, and cyanide.

The landfill was closed in 1966 when the area was graded and paved for vehicle parking. Prior to
grading and paving, two 6-inch perforated pipes were laid in trenches on bedrock just east of
Meandering Road. The pipes were intended to channel leachate from the landfill to a storm sewer

(St. 5) outfall. When contaminants were identified in water samples collected from the St. 5 outfall in
1982, French Drain No. 1 was constructed to prevent contaminated groundwater from entering the storm
sewer.

French Drain No. 1 was constructed in November 1982, east of Meandering Road, between Landfills
No. 1 and No. 3. A 90-foot section of 4-inch perforated drain pipe was placed on bedrock east of the
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St. 5 outfall. During excavation, the two 6-inch drain pipes were uncovered and rerouted to the French
Drain No. 1 system. The 36-inch storm sewer and north catch basin were lined with polyethylene in
late 1983 to eliminate infiltration of leachate to the storm collection system. The south collection basin
was lined in February 1985. It should be noted that TCE and toluene both have "moderate” effects on
polyethylene. Both of these contaminants have been identified in groundwater samples from nearby
monitoring wells. A concentration of 25 ug/L TCE was identified in water from the St. 5 outfall in
April 1990.

In July 1983, a portion of Landfill No. 1 that contained several waste oil pits thought to be the main
source of residual contamination was excavated, and the material was removed to an approved hazardous
waste disposal facility as an interim remedial action. Approximately 11,000 cubic yards of contaminated
soil were removed and transported to Chemical Waste Management’s (CWM) Carlyss, Louisiana facility.
Liquids were also removed from the excavation and disposed at CWM’s Port Arthur, Texas facility.
French Drain No. 2 was constructed within the excavation to intercept contaminated groundwater and
pump it to a treatment facility on site. The excavation was then backfilled and the site repaved.

On-site treatment consisted of (1) processing the fluid through a cooling tower to volatilize organic
compounds and (2) discharging the effluent to the city of Fort Worth sanitary sewer system. This system
ceased operation in May 1990, at which time all pumping from the French Drains was halted (Hargis +
Associates 1985a). In the spring of 1992, pumping began again using an activated charcoal treatment
system on site.

On the basis of data from previous studies, the following contaminants with concentrations exceeding
Federal maximum contamination limits (MCLs) were reported to occur in groundwater at Landfill No. 1:

®  Arsenic ®  Fluoranthene

® Cadmium e PCE

®  Chromium ®  Toluene

® Lead e 1,1,1-TCA

®  Acenaphthene e TCE

® Benzene ®  Vinyl Chloride
® Ethylbenzene

As evidenced by this list, Landfill No. 1 still contains petroleum hydrocarbons, waste solvents, and
process chemical wastes. The interim remedial actions have eliminated only a portion of the potential
source area for these contaminants.

Previous Investigations

Very little information is available pertaining to soils contamination in the landfill area. Previous
investigations consisted of 22 test holes, 12 monitoring wells, and the Waste Oil Pits/French Drain
excavations. Soil samples collected from the walls of the French Drain No. 2 excavation at completion
indicated soils were still contaminated with VOCs and, at one location, chromium (EPA 1983). Soil
samples taken during the drilling of F-216 and F-217 were screened with a photoionization detector
(PID) to detect VOCs. The PID indicated VOCs were not present in F-216 but were present in trace
amounts in F-217 at the 9- to 14-foot depth range (Radian 1987). Petroleum hydrocarbons were
detected in both borings.
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Current Investigation

During the current investigation, 16 soil borings were drilled and sampled in Landfill No. 1 to determine
types and relative concentrations of contamination and to better define the extent of contamination.
Drilling and sampling were halted at the water table or bedrock if no water was encountered. All
borings were drilled using hollow-stem augers. No new groundwater monitoring wells were installed.

Figure 1-19 shows the borehole soil sample locations. Boreholes were drilled on a grid designed to
cover the Landfill No. 1 area, as identified by previous investigations and old site photographs. The
grid was extended when contamination was detected in boreholes outside the previously identified extent.
Overhead high voltage lines in the southern section of the West Parking Lot prevented access to several
planned drilling locations. Based on old (mid-1950s) aerial photos and borehole lithology, soil borings
SB-012, -016, and -020 appear to have been drilled outside the landfill area. Contaminants in these
borings are mostly shallow (0 to 5 feet) semi-VOCs related to asphalt or fuel oil.

Soil samples were composites of 5-foot intervals collected from the surface to the water table.
Composite samples were analyzed for semi-VOCs, oil and grease, and metals. A grab sample for
volatile organic analysis was collected from within the 5-foot interval where PIDs or visual examination
indicated possible contamination.

Lithologic information taken from the existing monitoring wells and the soil borings was used to
construct a bedrock surface contour map of the area under Landfills No. 1 and No. 3 (see Figure 1-20)
and to construct two geologic cross sections (see Figure 1-21 and Figure 1-22) to illustrate the geology
under the landfills. The cross sections show sand, clayey sand, and gravel layers that occur under much
of the landfills.

The bedrock surface map indicates areas and direction for subsurface drainage of groundwater and
contaminants. The bedrock map also shows the channels cut into the Walnut Formation that drain to
Landfill No. 3 and Meandering Road Creek. Soils in the Landfill No. 1 area are mainly clays,
silty/sandy clays, or sands. Fill material used to cover the landfill and grade the site ranges from sand to
clay with some intermixed gravels and silts. Trash such as wood, plastic, wire, asphalt, glass, and metal
was reported in ten of the 16 soil borings. Also indicated on the cross sections are areas where
contamination was detected (see Appendix A-2 of the RI).

VYOC and Oil and Grease Soil Sample Analysis: Table 1-19 shows 11 VOCs identified in Landfill
No. 1 during the current investigation. VOCs detected were fuels, solvent, and solvent degradation
products. Both toluene and TCE were detected and have been identified as chemicals of concern in the
site risk assessment. The highest concentrations of VOCs were found in the areas adjacent to French
Drain No. 2. Figures 1-23 and 1-24 show VOCs and oil and grease concentrations. The oil and greas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>